CLAIMS: 

1 . A method of treating a coal formation in situ, comprising: 
providing heat from one or more, beat sources to at least one portion of the 

5 formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 

controlling the heat from the fme or more heat sources such that an average 
temperature within at least a majorijfy of the selected section of the formation is less than 
10 about 375 °C; and 

producing a mixture from/the formation. 

2. The method of claim 1 , Avherein the one or more heat sources comprise at least 
two heat sources, and wherein/superposition of heat from at least the two heat sources 

1 5 pyrolyzes at least some coal within the selected section of the formation. 

3. The method of clainp L wherein controlling formation conditions comprises 
maintaining a temperature^vithin the selected section within a pyrolysis temperature 
range. 

20 

4. The method of c/aim 1 s wherein the one or more heat sources comprise electrical 
heaters. 

5. The method of claim 1, wherein the one or more heat sources comprise surface 
25 burners. 

6. The> method bf claim 1 . wherein the one or more heat sources comprise flameless 
distributed combustprs. 



30 7. The methocjl of claim 1 , wherein the one or more heat sources comprise natural 
distributed combuitors. 
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8. The method of claim 1 . further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

9. The method of claim 1 , further comprising controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to at least one of 
the one or more heat sources. 

10. The method of claim 1, further/comprising controlling a pressure within at least a 
majority of the selected section of the? formation with a valve coupled to a production 
well located in the formation. 



15 11. The method of claim 1 , ftirther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



20 



25 



30 



12. The method of clainv 1 . wherein providing heat from the one or more heat sources 
to at least the portion of fopiation comprises: 

heating a selectedyvolume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity(C v ) f and wherein the heating 
pyrolyzes at least some coal within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*Cl*p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/dav. 
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1 3 . The method of claim 1 , wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. 

5 14. The method of claim 1 , wherein providing ifeat from the one or more heat sources 
comprises heating the selected section such that a/thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 

15. The method of claim 1 , wherein the produced mixture comprises condensable 
10 hydrocarbons having an API gravity of at least about 25°. 
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CO 
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1 6. The method of claim 1 , wherein tHe produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 %py weight to about 15 % by weight of the 
condensable hydrocarbons are olefins.y 

1 7. The method of claim 1 , whei/ein the produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

1 8. The method of claim 1 , Avherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein abAut 0.1 % by weight to about 15 % by weight of the non- 
condensable hydrocarbons are olefins. 



19. The method of claim 1, wherein the produced mixture comprises condensable 
25 hydrocarbons, and whereip less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/hydrocarbons is nitrogen. 



30 



20. The method of paim 1 . wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensajble hydrocarbons is oxygen. 
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21 . The method of claim 1 . wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

/ 

containing compounds comprise phenols. / 

22. The method of claim 1 ? wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % bp weight, when calculated on an atomic 
basis, of the condensable hvdrocarbons is sulf 



The method of claim 1. wherein the produced mixture comprises condensable 



hydrocarbons, and wherein greater than abjzfut 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

24. The method of claim 1, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less thaniibout 5 % by weight of the condensable 
hydrocarbons comprises multi-ringyaromatics with more than two rings. 



20 



25. The method of claim 1, \Vherein the produced mixture comprises condensable 
hydrocarbons, and wherein les^than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



30 



26. The method of claim/ 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/ about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

27. The method of claim 1. wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



22 1 Conley. Rose & Tavon. P C 



28. The method of claim 1 . wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

29. The method of claim 1, wherein the produced mixture comprises ammonia, and 

5 wherein the ammonia is used to produce fertilizer./' 

/ 

30. The method of claim 1 , further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

10 

3 1 . The method of claim 1 , further comprising controlling formation conditions such 
that the produced mixture comprises a partial pressure of H2 within the mixture greater 
than about 0.5 bar. 

15 32. The method of claim 3 1 , whgf ein the partial pressure of H2 is measured when the 
mixture is at a production well. 

33. The method of claim 1, viierein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

20 

34. The method of claim y, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

25 35. The method of claiin 1, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion/of the section with heat from hydrogenation. 
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36. The method of claim 1 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further coirt^ising hydrogenating a portion of the 

produced condensable hydrocarbons with at leas^'a portion of the produced hydrogen. 

/ 

/ 

37. The method of claim L wherein allowing the heat to transfer comprises increasing 
a permeability of a majority of the selected/section to greater than about 100 millidarcv. 



38. The method of claim 1. whereiny4llowing the heat to transfer comprises 
substantially uniformly increasing a p9hneability of a majority of the selected section. 

39. The method of claim 1, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

40. The method of claim 1. /vherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 

/ s 

formation for each production well. 

41 . The method of claim 1, further comprising providing heat from three or more heat 
sources to at least a porticm of the formation. wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. 

42. The method of /claim 1, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 



43. The method [of claim 1 . further comprising separating the produced mixture into a 
gas stream and a liqbid stream. 



223 



Conlc>. Rose <fc Tayon. P C 



10 



44. The method of claim 1 . further comprising separating the produced mixture into a 
gas stream and a liquid stream and separating the liquid stream into an aqueous stream 
and a non-aqueous stream. 

45. The method of claim 1. wherein the produced mixture comprises H:S ; the method 

/ 

further comprising separating a portion of the H2S from non-condensable hydrocarbons. 

46. The method of claim L wherein the produced mixture comprises CO:, the method 
further comprising separating a portion of the CO/ from non-condensable hydrocarbons. 

47. The method of claim 1 , wherein the mixture is produced from a production well, 
wherein the heating is controlled such that W mixture can be produced from the 
formation as a vapor. j 

i 

1 5 48. The method of claim 1 . wherein thje mixture is produced from a production well, 
the method further comprising heating a ,wellbore of the production well to inhibit 
condensation of the mixture within the^ellbore. 

/ 

49. The method of claim 1 . wherein the mixture is produced from a production well. 
20 wherein a wellbore of the production well comprises a heater element configured to heat 
the formation adjacent to the wellbore, and further comprising heating the formation with 
the heater element to produce the iAixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas component and H2. 

25 50. The method of claim L wherein the minimum pyrolysis temperature is about 270 
°C. / 



51 . The method of claim 1 
formation above about 2.0 bar 
30 numbers above 25. 



further comprising maintaining the pressure within the 
absolute to inhibit production of fluids having carbon 
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52. The method of claim 1 . further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to/increase production of 

5 condensable hydrocarbons, and wherein the pressure increased to increase production 
of non-condensable hydrocarbons. 

53. The method of claim 1 . further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 

1 0 wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 

54. A method of treating a coal formation in situ, comprising: 

1 5 providing heat from one or morp heat sources to at least a portion of the 

formation; 

allowing the heat to transfer horn at least the portion to a selected section of the 
formation substantially by conduction of heat; 

pyrolyzing at least some hydrocarbons within the selected section of the 
20 formation; and 

producing a mixture froiA the formation. 

55. The method of claim 54, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 

25 pyrolyzes at least some hydrocarbons within the selected section of the formation. 

56. The method of clainj 54, wherein the one or more heat sources comprise electrical 
heaters. 

30 57. The method of clairji 54, wherein the one or more heat sources comprise surface 
burners. 



225 



Conlcy. Rose & Tayon. P C 




58. The method of claim 54 ; wherein the one or more heat sources comprise flameless 
distributed combustors. * 

/ 

5 59. The method of claim 54, wherein the one or more fteat sources comprise natural 
distributed combustors. / 

60. The method of claim 54, further comprising controlling a pressure and a 
temperature within at least a majority of the selected' section of the formation, wherein 

10 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

61 . The method of claim 54, further comprising controlling the heat such that an 
average heating rate of the selected section ii less than about 1 .0 0 C per day during 

] 5 pyrolysis. / 

62. The method of claim 54, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)p{ the coal formation from the one or more heat 
20 sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than P\w\ 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

25 wherein Pwr is the heating energy/day, h is an average heating rate of the 

formation, ps is formation bulK density, and wherein the heating rate is less than about 10 
°C/day. / 

63. The method of claim/54, wherein providing heat from the one or more heat 

30 sources comprises heating tMe selected section such that a thermal conductivity of at least 
a portion of the selected secftion is greater than about 0.5 W/(m °C). 
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64. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

5 65. The method of claim 54, wherein the produced mixture comprises condensable 

/ 

hvdrocarbons. and wherein about 0. 1 % bv weight to a£>out 1 5 % bv weight of the 

/ 

condensable hydrocarbons are olefins. / 

66. The method of claim 54, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

67. The method of claim 54, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is nitrogen. 

68. The method of claim 54, wraerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

20 / 

69. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

25 70. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds Comprise phenols. 
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71 . The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

/ 

/ 

5 72. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by wefight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

73. The method of claim 54, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3/% by weight of the condensable 
hydrocarbons are asphaltenes. 



15 



74. The method of claim 54, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalRanes. 



20 



75. The method of claim 54, wherein the produced mixture comprises a non- 
condensable component, wherein me non-condensable component comprises hydrogen, 
wherein the hydrogen is greater man about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



76. The method of claim/54, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

77. The method of claim 54, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



78. The method of claim 54, further comprising controlling a pressure within at least 
30 a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 
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79. The method of claim 54, further comprising controlling formation conditions to 



produce a mixture of condensable hydrocarbons and Ifa, wherein a partial pressure of H: 



iL wh 



within the mixture is greater than about 0.5 bar. 



r 



/ 



/ 

Da^tial 



80. The method of claim 79, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



8 1 . The method of claim 54, further comprising altering a pressure within the 
10 formation to inhibit production of hydnxjarbons from the formation having carbon 
numbers greater than about 25, 



15 
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82. The method of claim 54, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen^rom the mixture into the formation. 

83. The method of claim 54, /urther composing: 
providing hydrogen (H2/ to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of thfe section with heat from hydrogenation. 

84. The method of claim 54, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hyiirocarbons with at least a portion of the produced hydrogen. 



25 85. The method of olaim 54, wherein allowing the heat to transfer comprises 

increasing a permeabil/ty of a majority of the selected section to greater than about 1 00 
millidarcv. 



86. The method of claim 54. wherein allowing the heat to transfer comprises 
30 substantially uniformly increasing a permeability of a majority of the selected section. 
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87. The method of claim 54, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

88. The method of claim 54, wherein producing the i^iixnire comprises producing the 
5 mixture in a production well and wherein at least aboi^'7 heat sources are disposed in the 

formation for each production well. 

89. The method of claim 54, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

10 sources are located in the formation in a unit o/ heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

90. The method of claim 54, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

15 sources are located in the formation inya unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern; and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

91 . A method of treating a coal formation in situ, comprising: 
20 providing heat from one or more heat sources to at least a portion of the 

formation: 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

heating the selected section such that a thermal conductivity of at least a portion 
25 of the selected section is greater than about 0.5 W/(m °C). 

92. The method of claim 91 , wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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93. The method of claim 91 , wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 94. The method of claim 91 , wherein the one or more heat sources comprise electrical 
heaters. / 

95. The method of claim 91. wherein the one o/ more heat sources comprise surface 
burners. 

10 

96. The method of claim 91 , wherein the /ne or more heat sources comprise flameless 
distributed combustors. 

97. The method of claim 91 , wherein/the one or more heat sources comprise natural 
15 distributed combustors. 



20 



98. The method of claim 91 , furtner comprising controlling a pressure and a 
temperature within at least a majoriw of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



25 



30 



99. The method of claim 9y ; further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

100. The method of claini 91, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (I 7 ) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pw\ 
wherein Pwr is calculated by the equation: / 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day. h i£ an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

101. The method of claim 91 , wherein aLlowing the heat to transfer comprises 
transferring heat substantially by conduction. 

102. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 03. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abouyO.l % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



20 



104. The method of claim y\ 9 wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



25 



105. The method of claim 91. wherein the produced mixture comprises condensable 
hydrocarbons, and wherdin less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

106. The method of claim 91. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



232 



Conlev . Rose & Tayon. P C 



25 



1 07. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, w^i calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



/ 

108. The method of claim 91, wherein the produced mixture comprises condensable 



hydrocarbons, wherein about 5 % by weight to about ^0 % by weight of the condensable 
hydrocarbons comprise oxygen containing compouijds, and wherein the oxygen 
containing compounds comprise phenols. j 

i 

10 109. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. / 

/ 

/ 

110. The method of claim 91, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than aj/out 5 % by weight of the condensable 

hydrocarbons comprises multi-ring arbmatics with more than two rings. 

/ 
/ 

111. The method of claim 91, ^herein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 



20 hydrocarbons are asphaltenes. j 



112. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein About 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons/are cycloalkanes. 

113. The method of c^aim 91 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 



component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable compon/nt. 
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114. The method of claim 9L wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

115. The method of claim 91 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

/ 

/ 

116. The method of claim 91 , further comprising controlling a pressure within at least 
a majority of the selected section of the formati^ti, wherein the controlled pressure is at 
least about 2.0 bar absolute. j 

117. The method of claim 91 , further comprising controlling formation conditions to 

produce a mixture of condensable hydrocarbons and fy, wherein a partial pressure of H: 

/ 

within the mixture is greater than abou^/0.5 bar. 

> 

15 118. The method of claim 1 1 7, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

/ 

/ 
/ 

1 1 9. The method of claim 91 /further comprising altering a pressure within the 
formation to inhibit production' of hydrocarbons from the formation having carbon 

20 numbers greater than about li. 

j 

120. The method of claim 91 , wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



25 



/ 

121. The method of cjaim 9 1 . further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

/ 

within the section; and/ 

heating a portipn of the section with heat from hydrogenation. 



/ 
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1 22. The method of claim 9L wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen, 

/ 

5 123. The method of claim 91 . wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the /elected section to greater than about 1 00 
millidarcy. 

1 24. The method of claim 9 1 . wherein flowing the heat to transfer comprises 
10 substantially uniformly increasing a permeability of a majority of the selected section. 

1 25. The method of claim 91 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

15 126. The method of claim 9 1 , ^herein producing the mixture comprises producing the 



mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production \&ell. 

r 

! 

127. The method of claim 91. further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

sources comprises a triangdlar pattern. 

/ 

1 28. The method of claim 91 , further comprising providing heat from three or more 
25 heat sources to at least ^portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



0 129. A method of treating a coal formation in situ, comprising: 



235 



Conley. Rose & Tayon. P C 



providing heat from one or more heat sources to at least a portion of the 

formation; + 

p 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; ; 

controlling the heat from the one or more jieat sources such that an average 

/ 

temperature within at least a majority of the selected section of the formation is less than 
about 370 °C such that production of a substantial amount of hydrocarbons having carbon 
numbers greater than 25 is inhibited; / 

controlling a pressure within at lea^t a majority of the selected section of the 



10 formation, wherein the controlled 



pressup 



k is at least 2.0 bar; and 



producing a mixture from the formation, wherein about 0.1 % by weight of the 
produced mixture to about 1 5 % by weight of the produced mixture are olefins, and 
w : herein an average carbon number of the produced mixture ranges from 1 -25. 

/ 

I 

15 130. The method of claim 1 29, yvherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 

pyrolyzes at least some hydrocarbons within the selected section of the formation. 

/ 
/ 
/ 

131 . The method of claim 129, wherein controlling formation conditions comprises 
20 maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 



25 



132. The method of clainji 129, wherein the one or more heat sources comprise 
electrical heaters. j 

i 

133. The method of clajln 129, wherein the one or more heat sources comprise surface 
burners. 



30 



134. The method of claim 129, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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135. The method of claim 129, wherein the one or more heat sources comprise natural 
distributed combustors. 



136. The method of claim 129, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, (fx the temperature is controlled as 
a function of pressure. 



137. The method of claim 129, further comprising controlling the heat such that an 
10 average heating rate of the selected section is les/than about 1 °C per day during 

pyrolysis. 

138. The method of claim 129, wherein p/oviding heat from the one or more heat 
sources to at least the portion of formationycomprises: 

15 heating a selected volume (V) of me coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
20 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B information bulk ^enSity, and wherein the heating rate is less than about 10 
°C/day. 

25 139. The method of claim jf29, wherein allowing the heat to transfer comprises 
transferring heat substantial!^ by conduction. 



30 



140. The method of claim 129, wherein providing heat from the one or more heat 
sources comprises heating /the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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141 . The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 



condensable hydrocarbons are olefins. 



/ 

/ 



5 142. The method of claim 129, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 6.001 to about 0.15. 

143. The method of claim 129, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than abou/ 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons \l nitrogen. 

1 44. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is oxygen. 



20 



25 



145. The method of claim 129/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessythan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

146. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

147. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and whereifi greater than about 20 % by weight of the condensable 
hydrocarbons are aromaticf compounds. 
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148. The method of claim 129. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

149. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % Jjy weight of the condensable 



hydrocarbons are asphaltenes. 



/ 



1 50. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by \yeight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkatfes. 

151. The method of claim 1 29, whe/ein the produced mixture comprises a non- 
condensable component, wherein the^non-condensable component comprises hydrogen. 

15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrc/gen is less than about 80 % by volume of the non- 
condensable component. 

1 52. The method of claim 129, wherein the produced mixture comprises ammonia, and 
20 wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 53. The method of claim/ 129. wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



25 1 54. The method of claim 129, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H: 
within the mixture is greater than about 0.5 bar. 



155. The method 
30 mixture is at a productioh 



of cl^im 154, wherein the partial pressure of H: is measured when the 
well. 
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1 56. The method of claim 129. further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. / 

/ 

5 1 57. The method of claim 129, further comprising: 

providing hydrogen (H2) to the heatep section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

10 158. The method of claim 1 29, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons- with at least a portion of the produced hydrogen. 

/ 

/ 

f 

1 59. The method of claim 1 29, /Wherein allowing the heat to transfer comprises 

15 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. J 

l 

1 60. The method of claim 1 29, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority' of the selected section. 

20 / 

161. The method of claijri 1 29, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1 62. The method of cj'aim 129, wherein producing the mixture comprises producing 

25 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

I 

1 63. The method offclaim 129, further comprising providing heat from three or more 



heat sources to at leasi 



sources comprises a tr 



a portion of the formation, wherein three or more of the heat 



30 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 



angular pattern. 
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1 64. The method of claim 1 29, further comprising providing heat from three or more 

I 

heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of he f at sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



165. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream. 

166. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream/and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 



15 1 67. The method of claim 129/ wherein the produced mixture comprises H2S. the 
method further comprising separating a portion of the H2S from non-condensable 
hydrocarbons. 

168. The method of claim/129, wherein the produced mixture comprises CO2, the 
20 method further comprising Separating a portion of the CO2 from non-condensable 

hydrocarbons. 

169. The method of ctyim 129. wherein the mixture is produced from a production 
well, wherein the heating is controlled such that the mixture can be produced from the 

25 formation as a vapor. 

1 70. The method of claim 129, wherein the mixture is produced from a production 



30 



well, the method furth 



ir comprising heating a wellbore of the production well to inhibit 



condensation of the mixture within the wellbore. 
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171. The method of claim 129, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture. -wherein the produced mixture comprise a 

5 large non-condensable hydrocarbon gas component and H2. 

1 72. The method of claim 129, wherein tpe minimum pyrolysis temperature is about 
270 °C. 

10 1 73 . The method of claim 1 29, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 

1 74. The method of claim 129, farther comprising controlling pressure within the 
15 formation in a range from about atmospheric pressure to about 100 bar absolute, as 

measured at a wellhead of a production well, to control an amount of condensable fluids 
within the produced mixture, wherein the pressure is reduced to increase production of 
condensable fluids, and wherei/i the pressure is increased to increase production of non- 



20 



condensable fluids. ^ 

/ 



1 75. The method of claim/l 29, further comprising controlling pressure within the 
formation in a range from about atnfiospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids within the produced/mixture, wherein the pressure is reduced to decrease the API 
gravity, and wherein the pressure is increased to reduce the API gravity. 

1 76. A method of treating a coal formation in situ, comprising: 
providing heat fr j)m one or more heat sources to at least a portion of the 



formation: 
30 allowing the hea 

section of the formation 



to transfer from the one or more heat sources to a selected 
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controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; and 
producing a mixture from the formation. 

/ 

177. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to at least one of /the one or more heat sources. 

1 78. The method of claim 1 76. wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to a production well located in the formation. 

179. The method of claim 176. wherein ^e one or more heat sources comprise at least 

two heat sources, and wherein superposition of heat from at least the two heat sources 

I 

pyrolyzes at least some hydrocarbons within the selected section of the formation. 

/ 

/ 

15 180. The method of claim 176. wherein controlling formation conditions comprises 
maintaining a temperature within th^'selected section within a pyrolysis temperature 
range. / 

i 

181. The method of claim 1 76/wherein the one or more heat sources comprise 

20 electrical heaters. j 

! 

i 

1 82. The method of claim l/76, wherein the one or more heat sources comprise surface 

burners. / 

/ 

25 183. The method of claim 176, wherein the one or more heat sources comprise - 

flameless distributed combustors. 

i 

I 

1 84. The method of claim 1 76. wherein the one or more heat sources comprise natural 



distributed combustors 
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1 85. The method of claim 176. further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

5 

1 86. The method of claim 1 76 ? further comprising controlling the heat such that an 
average heating rate of the selected section is jiss than about 1 °C per day during 
pyrolysis. 

10 187. The method of claim 1 76, whereinproviding heat from the one or more heat 

sources to at least the portion of formation comprises: 

/ 

heating a selected volume (V) coal formation from the one or more heat 

sources, wherein the formation has ajh average heat capacity (C v ). and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

/ 

15 wherein heating energy/da^ provided to the volume is equal to or less than Pwr. 

wherein Pwr is calculated bv the Equation: 

/ 

Pwr = h*V*C Y *p B ! 

wherein Pwr is the heat/ng energy/day, A is an average heating rate of the 
formation. p B is formation bul|( density, and wherein the heating rate is less than about 1 0 
20 °C/dav. / 



1 88. The method of claim 1 76. wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

25 1 89. The method of claim 1 76, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selectea section is greater than about 0.5 W/(m °C). 

1 90. The method of/claim 1 76, wherein the produced mixture comprises condensable 
30 hydrocarbons having an API gravity of at least about 25°. 
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191 . The method of claim 1 76. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



5 1 92. The method of claim 1 76. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a mqlar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from abotit 0.001 to about 0.15. 

/ 

1 93. The method of claim 1 76. w herein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than apout 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

/ 
/ 

1 94. The method of claim 1 76 ; wherein the produced mixture comprises condensable 
hvdrocarbons. and wherein less than about 1 % bv weight, when calculated on an atomic 

15 basis, of the condensable hvdrocarbons is oxygen. 



20 



25 



195. The method of claim 1 76. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein fess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

/ 

1 96. The method of cldim 1 76. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprised/oxygen containing compounds, and wherein the oxygen 
containing compounds,? comprise phenols. 



197. The method of claim 1 76. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



\ 
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198. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 99. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0/3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 



200. The method of claim 1 76, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 °/yby weight to about 30 % by weight of the 

condensable hydrocarbons are cycl^idkanes. 

/ 

201 . The method of claim 1 76/wherein the produced mixture comprises a non- 
condensable component, whereifi the non-condensable component comprises hydrogen, 

1 5 wherein the hydrogen is great^f than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

202. The method of clann 176, wherein the produced mixture comprises ammonia, and 
20 wherein greater than abo^t 0.05 % by weight of the produced mixture is ammonia. 

203. The method of claim 176, wherein the produced mixture comprises ammonia, and 
wherein the ammonia js used to produce fertilizer. 

/ 

/ 

25 204. The method of claim 1 76. further comprising controlling formation conditions to 



ol, 



produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of 
within the mixture ^ greater than about 0.5 bar. 



205. The metho<jl of claim 204. wherein the partial pressure of H: is measured when the 
30 mixture is at a production well. 
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206. The method of claim 1 76, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

207. The method of claim 176. wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture info the formation. 



208. The method of claim 1 76, further comprising: 
providing hydrogen (H?) to the heated sectj^n to hydrogenate hydrocarbons 

10 within the section; and / 

heating a portion of the section with hejt from hydrogenation. 

209. The method of claim 1 76. wherein th/produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

15 produced condensable hydrocarbons with px least a portion of the produced hydrogen. 

2 1 0. The method of claim 1 76, whereZ allowing the heat to transfer comprises 
increasing a permeability of a majority /of the selected section to greater than about 1 00 
millidarcy. 

20 

211. The method of claim 1 76, wherein allowing the heat to transfer comprises 
substantially uniformly increasing ^permeability of a majority of the selected section. 

i 

212. The method of claim 176, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

213. The method of claim 176, wherein producing the mixture from the formation 
comprises producing the mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. 



30 



214. A method of treating a 



coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 
5 controlling a pressure within at least a majority of the selected section of the 

formation, wherein the controlled pressure is at leas{ about 2.0 bar absolute; 

controlling the heat from the one or more lieat sources such that an average 
temperature within at least a majority of the selected section of the formation is less than 
about 375 °C; and / 
10 producing a mixture from the format/on. 

/ 
/ 

215. The method of claim 2 1 4. whereii/ the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pvrolvzes at least some hydrocarbons within the selected section of the formation. 

/ 

216. The method of claim 214, whferein controlling formation conditions comprises 

maintaining a temperature within th/ selected section within a pyrolysis temperature 

range. / 

r 
i 

I 

20 217. The method of claim 214/ wherein the one or more heat sources comprise 

t 
l 

electrical heaters. j 

f 
i 
j 

218. The method of claim 214, wherein the one or more heat sources comprise surface 
burners. / 

25 / 

219. The method of claim/214, wherein the one or more heat sources comprise 
flameless distributed combustors. 

220. The method of claijn 214. wherein the one or more heat sources comprise natural 
30 distributed combustors. 
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22 1 . The method of claim 214, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

222. The method of claim 214, further comprising controlling the heat such that an 
average heating rate of the selected section is les^r than about 1 °C per day during 
pyro lysis. 



10 223. The method of claim 214, wherein p/oviding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of tne coal formation from the one or more heat 
sources, wherein the formation has an aVerage heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons y/ithin the selected volume of the formation; and 
15 wherein heating energy/day provided to the volume is equal to or less than Pwr. 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B I 

wherein Pwr is the heatin^energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

20 °C/dav. 



25 



224. The method of claim 2/14, wherein allowing the heat to transfer comprises 
transferring heat substantially/by conduction. 



225. The method of claim|214. wherein providing heat from the one or more heat 

i 

sources comprises heating tlje selected section such that a thermal conductivity of at least 

I 

a portion of the selected section is greater than about 0.5 W/(m °C). 



226. The method of claim 
30 hvdrocarbons having an AHI 



214. wherein the produced mixture comprises condensable 
gravity of at least about 25°. 
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227. The method of claim 214. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



228. The method of claim 214. wherein thp produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % b\ weight 

/ 

of the non-condensable hydrocarbons are/olefins. 



229. The method of claim 214, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges /from about 0.001 to about 0. 1 5. 

230. The method of claim 2 m, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is nitrogen. 

231 . The method of cla/m 214. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 



232. The method of/claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

/ 

/ 
/ 

25 233. The method/of claim 214. wherein the produced mixture comprises condensable 
hydrocarbons, whefein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



250 



Conley. Rose & Tayon. P C 



234. The method of claim 214. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 235. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics witlynore than two rings. 

236. The method of claim 2 1 4, wherein the produced mixture comprises condensable 
1 0 hydrocarbons, and wherein less than about 0./ % by weight of the condensable 

hydrocarbons are asphaltenes. 

237. The method of claim 2 1 4, where^i the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

15 condensable hydrocarbons are cycloalkanes. 

238. The method of claim 214, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

20 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. j 

i 

239. The method of claim 2J4, wherein the produced mixture comprises ammonia, and 



t 



wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
25 / 

240. The method of claim pi 4, wherein the produced mixture comprises ammonia, and 

wherein the ammonia is use<^ to produce fertilizer. 

i 

24 1 . The method of clairri 214, wherein controlling the heat further comprises 
30 controlling the heat such that coke production is inhibited. 



\ 

\ 



25 1 Coniey. Rose & Tayon. P C 



242. The method of claim 214, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

5 243. The method of claim 242, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

244. The method of claim 214, further comprising altering thk pressure within the 

formation to inhibit production of hydrocarbons from the formation having carbon 

10 numbers greater than about 25. / 

/ 

245. The method of claim 214 ; wherein controlling formation conditions comprises 

/ 

recirculating a portion of hydrogen from the mixture into the formation. 

/ 

] 5 246. The method of claim 214, further comprising: j 

providing hydrogen (H 2 ) to the heated section to/hydrogenate hydrocarbons 

within the section; and / 

t 

heating a portion of the section with heat from hydrogenation. 

/ 

20 247. The method of claim 214, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons' with at least a portion of the produced hydrogen. 

/ 

.« 

248. The method of claim 214, wherein allowing the heat to transfer comprises 

/ 

25 increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. f 

\ 

j 
■ 

249. The method of claim 214, wherein allowing the heat to transfer comprises 



substantially uniformly increasing a permeability 



30 



of a majority of the selected section. 
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250. The method of claim 214. further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay, 

251 . The method of claim 214. wherein producing the mixture comprises producing 

/■ 

5 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

252. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

10 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

253. The method of claim 214, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

15 sources are located in the formation in a iinit of heat sources, wherein the unit of heat 
sources comprises a triangular patterned wherein a plurality of the units are repeated 
over an area of the formation to form/a repetitive pattern of units. 

254. A method of treating a coa/formation in situ, comprising: 

20 providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

producing a mixture from the formation, wherein at least a portion of the mixture 
25 is produced during the pyrolysis and the mixture moves through the formation in a vapor 
phase; and / 

maintaining a pressure within at least a majority of the selected section above 
about 2.0 bar absolute? 

30 255. The method /of claim 254, wherein the one or more heat sources comprise at least 
two heat sources, add wherein superposition of heat from at least the two heat sources 
pyrolyzes at least feome hydrocarbons within the selected section of the formation. 
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256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. j 

257. The method of claim 254, wherein the </ne or more heat sources comprise 
electrical heaters. 

258. The method of claim 254, wherein ^ie one or more heat sources comprise surface 
10 burners. 



259. The method of claim 254, wherein the one or more heat sources comprise 
flameless distributed combustors. 



15 260. The method of claim 254, wherein the one or more heat sources comprise natural 
distributed combustors. j 

261 . The method of claim 254, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

20 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

/ 

262. The method of claim 254, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

25 pyrolysis. 



263. The method of claim a 
sources to at least the portion 



30 sources, wherein the formatio 



54, wherein providing heat from the one or more heat 
of formation comprises: 



heating a selected volume (F) of the coal formation from the one or more heat 



n has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
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wherein heating energy/day provided to the volume is equal to or less than Pm\ 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 1 
wherein Pwr is the heating energy/day, h is an average heating rate of the 
5 formation, p B is formation bulk density, and wherein the heating/fate is less than about 1 0 
°C/day. 

264. The method of claim 254, wherein allowing the heat/to transfer comprises 

transferring heat substantially by conduction. / 

/ 

10 / 

/ 

265. The method of claim 254, wherein providing heat from the one or more heat 

sources comprises heating the selected section such thai a thermal conductivity of at least 

/ 

a portion of the selected section is greater than about 0.5 W/(m °C). 

/ 

/ 

/ 

15 266. The method of claim 254, wherein the prodi^ed mixture comprises condensable 

hydrocarbons having an API gravity of at least about 25°. 

/ 

267. The method of claim 254, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

/ 

20 condensable hydrocarbons are olefins. / 

/ 

268. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein abou/o.l % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

2^ 



269. The method of claim 254, wherein the produced mixture comprises non- 

j 

condensable hydrocarbons, and wherein a mjblar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from aboijt 0.001 to about 0.15. 
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270. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 271 . The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight. vjhen calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

/ 

272. The method of claim 254. wherein the produced^mixture comprises condensable 

10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

» 

basis, of the condensable hydrocarbons is sulfur. j 

/ 

273. The method of claim 254, wherein the produced mixture comprises condensable 

hydrocarbons, wherein about 5 % by weight to abdut 30 % by weight of the condensable 

/ 

15 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

containing compounds comprise phenols. / 

/ 
i 
i 

274. The method of claim 254. wherein the^produced mixture comprises condensable 
hydrocarbons, and wherein greater than aboi^t 20 % by weight of the condensable 

20 hvdrocarbons are aromatic compounds. / 

/ 

t 
/ 

275. The method of claim 254, wherein^the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 



25 



hydrocarbons comprises multi-ring arom^tics with more than two rings. 

276. The method of claim 254, whereL the produced mixture comprises condensable 
hydrocarbons, and wherein less than ab<put 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



\ 
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277. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 278. The method of claim 254, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component/comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



10 



L 



279. The method of claim 254, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

j 

280. The method of claim 254, wherein the produced mixture comprises ammonia, and 

1 5 wherein the ammonia is used to produce fertilizer, j 

i 

i 

28 1 . The method of claim 254, wherein the pressure is measured at a wellhead of a 
production well. 

20 282. The method of claim 254, wherein the pressure is measured at a location within a 
wellbore of the production well. 

283. The method of claim 254, wherein tfye pressure is maintained below about 100 bar 
absolute. 

25 

284. The method of claim 254, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2. wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

30 285. The method of claim 284. wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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286. The method of claim 254, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 

287. The method of claim 254, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture/into the formation. 

/ 

288. The method of claim 254, further comprising: 

10 providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and / 

heating a portion of the section witn heat from hydrogenation. 

289. The method of claim 254, wherein the produced mixture comprises hydrogen and 
1 5 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

produced condensable hydrocarbons/with at least a portion of the produced hydrogen. 

290. The method of claim 254, ^herein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

20 millidarcy. j 

I 

29 1 . The method of claim 554, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

25 292. The method of claim 254, further comprising controlling the heat to yield, greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

293. The method of jfclaim 254, wherein producing the mixture comprises producing 
the mixture in a production well and wherein at least about 7 heat sources are disposed in 
30 the formation for each production well. 
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294. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

295. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 



sources are located in the formation in a unit of heat sp'urces, wherein the unit of heat 
sources comprises a triangular pattern, and whereina plurality of the units are repeated 

10 over an area of the formation to form a repetitive pattern of units. 

f 
r 

I 

296. A method of treating a coal formation in^itu, comprising: 

providing heat from one or more heat sources to at least a portion of the 

/ 

formation; / 

/ 

15 allowing the heat to transfer from the- one or more heat sources to a selected 

section of the formation; / 

maintaining a pressure within at least a majority of the selected section of the 
formation above 2.0 bar absolute; and / 

producing a mixture from the formation, wherein the produced mixture comprises 

/ 

20 condensable hydrocarbons having an API gravity higher than an API gravity of 
condensable hydrocarbons in a mixture producible from the formation at the same 

temperature and at atmospheric pressure. 

/ 

297. The method of claim 296, ^wherein the one or more heat sources comprise at least 
25 two heat sources, and wherein superposition of heat from at least the two heat sources 

pyrolyzes at least some hydrocarbons within the selected section of the formation. 



30 



298. The method of claim 29- 
maintaining a temperature withi^i 
range. 



, wherein controlling formation conditions comprises 
the selected section within a pyrolysis temperature 
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299. The method of claim 296, wherein the one or more heat sources comprise 
electrical heaters. 

300. The method of claim 296, wherein the one or more heat sources comprise surface 
5 burners. / 

301 . The method of claim 296, wherein the one more heat sources comprise 
flameless distributed combustors. 

10 302. The method of claim 296, wherein the /ne or more heat sources comprise natural 
distributed combustors. 

/ 

303. The method of claim 296, further y^omprising controlling the pressure and a 

temperature within at least a majority o^the selected section of the formation, wherein 
15 the pressure is controlled as a function/of temperature, or the temperature is controlled as 
a function of pressure. j 

i 
I 

304. The method of claim 296, further comprising controlling the heat such that an 

/ 

average heating rate of the selected section is less than about 1 °C per day during 

20 pyrolysis. j 

i 
l 

305. The method of claim 2,96. wherein providing heat from the one or more heat 
sources to at least the portion/of formation comprises: 

heating a selected volume (F) of the coal formation from the one or more heat 
25 sources, wherein the format/ion has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating ei/ergy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculate^ by the equation: 

Pwr = h*V*C v *p 



v 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/dav. 

/ 

5 306. The method of claim 296, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

307. The method of claim 296, wherein providing heat from the one or more heat 
sources comprises heating the selected sect/on such that a thermal conductivity 7 of at least 

10 a portion of the selected section is greater/than about 0.5 W/(m °C). 

308. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity oi at least about 25°. 

15 309. The method of claim 296, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein about 0/1 % by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. 

/ 

310. The method of claim 29^, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, andj wherein about 0.1 % by weight to about 15 % by weight 

of the non-condensable hydrocarbons are olefins. 

/ 

/ 

/ 

311. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, ^id wherein a molar ratio of ethene to ethane in the non- 
25 condensable hydrocarbons ranges from about 0.001 to about 0. 1 5. 

312. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinjless than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

30 
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313. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 314. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by/weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur./ 

315. The method of claim 296. wherein the/produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight/to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containingycompounds. and wherein the oxygen 
containing compounds comprise phenols^ 

316. The method of claim 296, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater thsfn about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

/ 

3 1 7. The method of claim 296 s \vherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tKan about 5 % bv weight of the condensable 

/ ' 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 

t 

/ 
/ 

318. The method of claim 2£6, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Iq'ss than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltene^s. 

/ 

319. The method of clai^i 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherejn about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



30 320. The method of c 
condensable componen 



aim 296. wherein the produced mixture comprises a non- 
, wherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

5 321. The method of claim 296, wherein the produced fixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

322. The method of claim 296, wherein the prodded mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. } 

I 

323. The method of claim 296, further comprj&ing controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H : 

within the mixture is greater than about 0.5 ba£. 

/ 
/ 

/ 

1 5 324. The method of claim 296, wherein tjie partial pressure of H 2 is measured when the 

/ 

mixture is at a production well. j 

1 

/ 

325. The method of claim 296, further/comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about 25. j 

i 

l 

I 

326. The method of claim 296, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen fjom the mixture into the formation. 

25 327, The method of claim 296, further comprising: 

providing hydrogen (H 2 ) to/the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 
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328, The method of claim 296, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

/ 

5 329. The method of claim 296, wherein allowing the heat/to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

330. The method of claim 296, wherein allowing thereat to transfer comprises 
10 substantially uniformly increasing a permeability of a majority of the selected section. 



331. The method of claim 296, further comprising controlling the heat to yield greater 

than about 60 % by weight of condensable hydrocybons, as measured by Fischer Assay. 

/ 

T 
! 

15 332. The method of claim 296, wherein producing the mixture comprises producing 
the mixture in a production well and wherein at least about 7 heat sources are disposed in 
the formation for each production well. j 

i 



333. The method of claim 296, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. j 

334. The method of claim 296, further comprising providing heat from three or more 
25 heat sources to at least a portion of the fornjation, wherein three or more of the heat 

sources are located in the formation in a uriit of heat sources, wherein the unit of heat 
. comprises a triangular pattern, and! wherein a plurality of the units are repeated 



! 

sources < 

over an area of the formation to form a repetitive pattern of units. 



30 335. A method of treating a coal formation in situ, comprising 

V 



264 



Conley. Rose & Tayon. P C 



providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; . 
5 maintaining a pressure within at least a majority of the selected section of the 

formation to above 2.0 bar absolute: and / 

producing a fluid from the formation, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio c^f greater than about 1 .75. 

10 336. The method of claim 335, wherein the one or more h^at sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 

pvrolvzes at least some hydrocarbons within the selected section of the formation. 

/ 

337. The method of claim 335, wherein controlling formation conditions comprises 
15 maintaining a temperature within the selected section within a pyrolysis temperature 

range. j 

j 

338. The method of claim 335, wherein the one or more heat sources comprise 
electrical heaters. j 

20 f 

339. The method of claim 335, wherein the one or more heat sources comprise surface 
burners. 



340. The method of claim 335, wherein the one or more heat sources comprise 
25 flameless distributed combustors. 

341 . The method of claim 335, wherein the one or more heat sources comprise natural 
distributed combustors. 

30 342. The method of claim 335, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

343. The method of claim 335, further comprising controlling/the heat such that an 
5 average heating rate of the selected section is less than about 1/°C per day during 

pyrolysis. 

344. The method of claim 335. wherein providing heat/from the one or more heat 
sources to at least the portion of formation comprises: / 

10 heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat^tapacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to^he volume is equal to or less than /V/\ 
wherein Pwr is calculated by the equation: 
15 Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation, p B is formation bulk density, arid wherein the heating rate is less than about 1 0 
°C/day. / 

/ 

20 345. The method of claim 335, wherein allowing the heat to transfer comprises 

/ 

r 

transferring heat substantially by conduction. 

/ 

/ 

346. The method of claim 33s/wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 

25 a portion of the selected section is greater than about 0.5 W/(m °C). 

/ 
/ 

347. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



266 



Conlcy. Rosc& Tayon. P C 



348. The method of claim 335. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 349. The method of claim 335, wherein/the produced mixture comprises non- 
condensable hydrocarbons, and wherein4bout 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons /are olefins. 

/ 

350. The method of claim 335,yiVherein the produced mixture comprises non- 
10 condensable hydrocarbons, and^vherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

/ 

f 

351 . The method of clainy335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable ^ivdrocarbons is nitrogen. 

/ 

352. The method of c^laim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wh^ein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

/ 

/ 

353. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, -and wherein less thin about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



25 354. The methocjof claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, whefein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compoiinds comprise phenols. 



20 
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355. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 356. The method of claim 335, wherein the produce/ mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

357. The method of claim 335, wherein the produced mixture comprises condensable 

/ 

10 hydrocarbons, and wherein less than about 0.3 j/o by weight of the condensable 
hydrocarbons are asphaltenes. / 

/ 

/ 
/ 

358. The method of claim 335. wherein th'e produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

15 condensable hydrocarbons are cycloalkanqs. 

/ 

i 

359. The method of claim 335, wherei^ the produced mixture comprises a non- 
condensable component, wherein the no^i-condensable component comprises hydrogen, 
wherein the hydrogen is greater than at^out 10 % by volume of the non-rcondensable 

20 component, and wherein the hydrogen/is less than about 80 % by volume of the non- 
condensable component. / 

/ 

I 

360. The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % bj weight of the produced mixture is ammonia. 

i 

25 ! 

361 . The method of claim 335, wperein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



362. The method of claim 335, further comprising controlling formation conditions to 
30 produce a mixture of condensable Y ydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than apout 0.5 bar. 
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363. The method of claim 33 5 . wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

5 364. The method of claim 335, further comprising altering the ; pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

/ 

365. The method of claim 335, wherein controlling formation conditions comprises 
10 recirculating a portion of hydrogen from the mixture intc/the formation. 

/ 

366. The method of claim 335, further comprising^/ 

providing hydrogen (H 2 ) to the heated sectio^ to hydrogenate hydrocarbons 
within the section; and / 

1 5 heating a portion of the section with heat from hydrogenation. 

/ 
/ 

367. The method of claim 335, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

20 / 

368. The method of claim 335, wherein Allowing the heat to transfer comprises 

i 

increasing a permeability of a majority of jthe selected section to greater than about 100 
millidarcy. j 

i 

25 369. The method of claim 335, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 

/ 

/ 

370. The method of claim 335, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

30 
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371 . The method of claim 335, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

5 372. The method of claim 335. further comprising providing heat from three or more 

z 

heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heaysources, and wherein the unit of heat 
sources comprises a triangular pattern. j 

i 

10 373. The method of claim 335, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and' wherein a plurality of the units are repeated 

over an area of the formation to form a repetitive pattern of units. 

/ 

15 

/ 

/ 

374. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; j 

allowing the heat to transfer from the one or more heat sources to a selected 

20 section of the formation; / 

i 

maintaining a pressure within at least a majority of the selected section of the 
formation to above 2.0 bar absdute; and 

producing a mixture from the formation, wherein the produced mixture comprises 

a higher amount of non-condensable components as compared to non-condensable 

/ 

25 components producible frorr/ the formation under the same temperature conditions and at 

i 

atmospheric pressure. / 

/ 

/ 

375. The method of claiin 374. wherein the one or more heat sources comprise at least 



two heat sources, and wh 
30 pyrolyzes at least some h; 



erein superposition of heat from at least the two heat sources 
'drocarbons within the selected section of the formation. 
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376. The method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 377. The method of claim 374, wherein the one or more heat sources comprise 
electrical heaters. 

378. The method of claim 374, wherein the one or more heat sources comprise surface 
burners. 

10 

379. The method of claim 374, wherein the one or more heat sources comprise 
flameless distributed combustors. 

380. The method of claim 374, \/herein the one or more heat sources comprise natural 

/ 

15 distributed combustors. / 

/ 

/ 

; 
/ 

381 . The method of claim 374, further comprising controlling the pressure and a 
temperature within at least a n^ajority of the selected section of the formation, wherein 
the pressure is controlled as a/ function of temperature, or the temperature is controlled as 

20 a function of pressure. j 

382. The method of claim 374, further comprising controlling the heat such that an 
pyrolysis. 



25 



average heating rate of the selected section is less than about 1 °C per day during 



383. The method of claim 374, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal lo or less than Pmt. 
wherein Pwr is calculated by the equation: 
Pmt = h*V*C v *p B 

wherein Pwr is the heating energy /day. h is an average heating rate of the 
formation. p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

/ 

384. The method of claim 374, wherein allowii^ the heat to transfer comprises 
transferring heat substantially by conduction. 



385. The method of claim 374, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity 1 of at least 
a portion of the selected section is greateivthan about 0.5 W/(m °C). 

/ 

15 386. The method of claim 374, wherein the produced mixture comprises condensable 

hydrocarbons having an API gravity c/f at least about 25°. 

/ 
* 

/ 

387. The method of claim 374, \yherein the produced mixture comprises condensable 
hydrocarbons, and wherein about (/.I % by weight to about 15 % by weight of the 

20 condensable hydrocarbons are olefins. 

/ 

388. The method of claim 37^, wherein the produced mixture comprises non- 
condensable hydrocarbons, anc^ wherein about 0.1 % by weight to about 1 5 % by weight 
of the non-condensable hydroc/arbons are olefins. 



389. The method of claim £74, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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390. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 391 . The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen^' 

392. The method of claim 374, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is^ulfur. 



393. The method of claim 374. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by/Weight to about 30 % by weight of the condensable 

15 hydrocarbons comprise oxygen confining compounds, and wherein the oxygen 

containing compounds comprise phenols. 

/ 

/ 

394. The method of claim 37/4, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. 

/ 
/ 

395. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and whereih less than about 5 % by weight of the condensable 
hydrocarbons comprises ^multi-ring aromatics with more than two rings. 

* ' / 

396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and whqVein less than about 0.3 % by weight of the condensable 
hydrocarbons are asph^ltenes. 

! 

. I 
I 



\ 
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397. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

398, The method of claim 374, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % b/ volume of the non-condensable 
component, and wherein the hydrogen is less tha^i about 80 % by volume of the non- 
condensable component. / 



399. The method of claim 374, wherein t£e produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

400. The method of claim 374, wherein the produced mixture comprises ammonia, and 
1 5 wherein the ammonia is used to produce fertilizer. 



401 . The method of claim 374, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than/kbout 0.5 bar. 

/ 

402. The method of claim 37^L wherein the partial pressure of Ho is measured when the 

mixture is at a production wel}( 

/ 
f 

I 

403. The method of claim' 3 74, further comprising altering the pressure within the 

25 formation to inhibit produc/ion of hydrocarbons from the formation having carbon 

I 

numbers greater than aboijt 25. 



404. The method of claim 374. further comprising: 

providing hydroden (H2) to the heated section to hydrogenate hydrocarbons 
30 within the section; and 

heating a portiofi of the section with heat from hydrogenation. 
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405. The method of claim 374, wherein the produced mixture comprises hydrogen . and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 

406. The method of claim 374, wherein allowing the he'at to transfer comprises 

/ 

increasing a permeability of a majority of the selected ^ection to greater than about 100 
millidarcv. 

/ 

10 407. The method of claim 374, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeabilit/ of a majority of the selected section. 

408. The method of claim 374, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable/hydrocarbons, as measured bv Fischer Assaw 

15 / 

/ 

409. The method of claim 374. wherein producing the mixture comprises producing 

/ 

the mixture in a production well, and v/herein at least about 7 heat sources are disposed in 

the formation for each production well 

/ 
/ 
/ 
/ 

20 410. The method of claim 374, ftirther comprising providing heat from three or more 

heat sources to at least a portion formation, wherein three or more of the heat 

/ 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

/ 

25 411. The method of claim 3'74 ? further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

i 

sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 / 



id] 



412. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
5 pyrolyzes at least about 20 % by weight of hydrocarbons within the selected section of 
the formation; and / 

producing a mixture from the formation. 

413. The method of claim 412. wherein the one or more heat sources comprise at least 
10 two heat sources, and wherein superposition of heat frorn at least the two heat sources 

pyrolyzes at least some hydrocarbons within the selected section of the formation. 

414. The method of claim 412, wherein controlling formation conditions comprises 
maintaining a temperature within the selected secpon within a pyrolysis temperature 

15 range. 

415. The method of claim 412, wherein the /me or more heat sources comprise 
electrical heaters. 

20 416. The method of claim 412, wherein $he one or more heat sources comprise surface 
burners. 



2^ 



417. The method of claim 412, wherein the one or more heat sources comprise 
flameless distributed combustors. 

418. The method of claim 412, whprein the one or more heat sources comprise natural 
distributed combustors. 



419. The method of claim 412. 
30 temperature within at least a maj 



fi/trther comprising controlling a pressure and a 
oritv of the selected section of the formation, wherein 



276 



Conlev. Rose & Tavon. P C 



the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

420. The method of claim 412, further comprising controlling the heat such that an 

/ 

5 average heating rate of the selected section is less than ^bout 1 °C per day during 
pyrolysis. 

42 1 . The method of claim 412, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

10 heating a selected volume (10 of the coal formation from the one or more heat 

sources, wherein the formation has an average/heat capacity (C v ). and wherein the heating 

pvrolvzes at least some hvdrocarbons within/the selected volume of the formation: and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 

wherein Pwr is calculated by the equations 

15 Pwr = h*V*C Y *p B / 

wherein Pwr is the heating ene/gy/day\ h is an average heating rate of the 

formation. p B is formation bulk densiw, and wherein the heating rate is less than about 10 

°C/dav. / 

/ 
/ 

20 422. The method of claim 412,/wherein allowing the heat to transfer comprises 
transferring heat substantiallv by conduction. 

' / • 

423. The method of claim 4 J 2, wherein providing heat from the one or more heat 
sources comprises heating deselected formation such that a thermal conductivity of at 
25 least a portion of the selectecj 1 section is greater than about 0.5 W/(m °C). 



424. The method of claim 412. wherein the produced mixture comprises condensable 
hydrocarbons having an AFI gravity of at least about 25°. 
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425. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 426. The method of claim 412. wherein the produced nocture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by'weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 

427. The method of claim 412, wherein the produced mixture comprises non- 
10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about/0.001 to about 0.15. 

428. The method of claim 412, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons/is nitrogen. 



429. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2. ' / 

430. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

t 
/ 

25 431. The method of claim' 412, wherein the produced mixture comprises condensable 

hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxvgen 

/ 

containing compounds cofnprise phenols. 
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432. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 433. The method of claim 412. wherein the produced inixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

434. The method of claim 412. wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3//o by weight of the condensable 

hydrocarbons are asphaltenes. j 

I 

435. The method of claim 412. whereirythe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % b^ weight to about 30 % by weight of the 

1 5 condensable hydrocarbons are cycloalk'anes. 

/ 

436. The method of claim 412, wj/rein the produced mixture comprises a non- 
condensable component, wherein ljne non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

20 component, and wherein the hycjrogen is less than about 80 % by volume of the non- 
condensable component. 

437. The method of claim Al 2, wherein the produced mixture comprises ammonia, and 
wherein greater than about ^(.05 % by weight of the produced mixture is ammonia. 

438. The method of cla/m 412, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

439. The method of dlaim 412. further comprising controlling a pressure within at least 
30 a majority of the selected section of the formation, wherein the controlled pressure is at 

least about 2.0 bar absolute. 
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440. The method of claim 412, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H : 
within the mixture is greater than about 0.5 bar. 

5 ' 

44 1 . The method of claim 412, wherein the partial pressure of H 2 is measured when the 

mixture is at a production well. / 

/ 

442. The method of claim 412, further comprising altering a pressure within the 
10 formation to inhibit production of hydroqarbons from the formation having carbon 

numbers greater than about 25. / 

/ 

/ 

443. The method of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen ^om the mixture into the formation. 

15 / 

/ 

444. The method of claim 412, /further comprising: 

providing hydrogen (H 2 ),to the heated section to hydrogenate hydrocarbons 
within the section; and / 



20 



heating a portion of th^section with heat from hydrogenation. 

/ 

445. The method of claim/41 2, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons ;/ 4he method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

/ 
/ 

25 446. The method of cl&im 412. wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 

millidarcy. / 

I 
i 

447. The method Jf claim 412, wherein allowing the heat to transfer comprises 
30 substantially unifornily increasing a permeability of a majority of the selected section. 
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448. The method of claim 412, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

449. The method of claim 412, wherein producj/g the mixture comprises producing 

5 the mixture in a production well, and wherein at^east about 7 heat sources are disposed in 
the formation for each production well. 

450. The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

10 sources are located in the formation in apnit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

451. The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion of /the formation, wherein three or more of the heat 

15 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation tcyform a repetitive pattern of units. 



tji 



452. A method of treating a^coal formation in situ, comprising: 

20 providing heat from one or more heat sources to at least a portion of the 

formation: / 

/ 

allowing the heat icj transfer from the one or more heat sources to a selected 

section of the formation such that superimposed heat from the one or more heat sources 

/ 

pyrolyzes at least about 2ft % of hydrocarbons within the selected section of the 

/ 

25 formation; and / 

producing a mixture from the formation, wherein the mixture comprises a 
condensable componer^ having an API gravity of at least about 25°. 

f 

453. The method ofclaim 452, wherein the one or more heat sources comprise at least 
30 two heat sources, and jwherein superposition of heat from at least the two heat sources 

pyrolyzes at least somfe hydrocarbons within the selected section of the formation. 
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454. The method of claim 452. wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 



5 455. The method of claim 452. wherein the one or more heat sources comprise 
electrical heaters. 

/ 

/ 

456. The method of claim 452, wherein the one or more heat sources comprise surface 

/ 

burners. / 

10 / 

/ 

457. The method of claim 452. wherein ^e one or more heat sources comprise 

flameless distributed combustors. / 

/ 
/ 

/ 

/ 

z 

458. The method of claim 452. wherein the one or more heat sources comprise natural 

15 distributed combustors. / 

/ 

/ 

459. The method of claim 452, fuhher comprising controlling a pressure and a 



20 



temperature within at least a majority of the selected section of the formation, wherein 

/ 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. j 



460. The method of claim 45j2 9 further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pvrolvsis. / 

461 . The method of claim/452, wherein providing heat from the one or more heat 

f 

sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than P\w\ 
wherein Pwr is calculated by the equation: 
Pmt = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. / 

462. The method of claim 452, wherein allowing fLe heat to transfer comprises 
transferring heat substantially by conduction. 

463. The method of claim 452, wherein prov/ding heat from the one or more heat 
sources comprises heating the selected sectiotf such that a thermal conductivity of at least 

a portion of the selected section is greater thpn about 0.5 W/(m °C). 

/ 
/ 
/ 

1 5 464. The method of claim 452. wherein' the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 %fby weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. / 

/ 

465. The method of claim 452. wherein the produced mixture comprises non- 
20 condensable hydrocarbons, and whprein about 0. 1 % by weight to about 1 5 % by weight 

of the non-condensable hydrocart^ns are olefins. 

466. The method of claim 452. wherein the produced mixture comprises non- 
condensable hydrocarbons, ancj wherein a molar ratio of ethene to ethane in the non- 
25 condensable hvdrocarbons ranges from about 0.001 to about 0.15. 

f 

467. The method of claim wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyjdrocarbons is nitrogen. 

30 
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468. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 469. The method of claim 452. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weightywhen calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

470. The method of claim 452, wherein the produf/ed mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to abodt 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

471 . The method of claim 452. wherein tf(e produced mixture comprises condensable 

/ 

15 hydrocarbons, and wherein greater than ab'out 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

/ 
/ 

472. The method of claim.452 ? wherein the produced mixture comprises condensable 

hvdrocarbons. and wherein less tharf about 5 % by weight of the condensable 

/ 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 

/ 
i 

l 

473. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les/than about 0.3 % by weight of the condensable 

hvdrocarbons are asphaltenesy 

/ 

25 / 

} 

474. The method of clain^ 452, wherein the produced mixture comprises condensable 
hydrocarbons, and whereirf about 5 % by weight to about 30 % by weight of the 

r 

condensable hydrocarbon^ are cycloalkanes. 

/ 

/ 

30 475. The method of claim 452, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



/ 

j 

wherein greater than about 0.05 % by weight of the prodded mixture is ammonia. 



476. The method of claim 452, wherein the produced mixture comprises ammonia, and 



477. The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer.^ 

/ 

/ 

478. The method of claim 452. further comprising controlling a pressure within at least 

/ 

a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



1 5 479. The method of claim 452, further jfcomprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2. wherein a partial pressure of Ho 
within the mixture is greater than abou/ 0.5 bar. 

/ 

480. The method of claim 452, wherein the partial pressure of H2 is measured when the 
20 mixture is at a production well. 



48 1 . The method of claim 452: further comprising altering a pressure within the 
formation to inhibit production/of hydrocarbons from the formation having carbon 
numbers greater than about 2y. 



482. The method of claim 452. wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation, 

483. The method of claim 452. further comprising: 

30 providing hydrogp (H2) to the heated section to hydrogenate hydrocarbons 

within the section: and 
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heating a portion of the section with heat from hydrogenation. 

484. The method of claim 452, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

5 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

/ 
/ 

485. The method of claim 452, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. j 

i 

486. The method of claim 452. wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority 7 of the selected section. 

/ 

/ 
/ 
/ 

487. The method of claim 452. further comprising controlling the heat to yield greater 

/ 

15 than about 60 % by weight of condensabfe hydrocarbons, as measured by Fischer Assay. 

488. The method of claim 452. whejein producing the mixture comprises producing 
the mixture in a production well, ancywherein at least about 7 heat sources are disposed in 
the formation for each production well. 



20 



25 



489. The method of claim 452/ further comprising providing heat from three or more 
heat sources to at least a portionr of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

490. The method of clainh 452, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 
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491 . A method of treating a layer of a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the layer. 

wherein the one or more heat sources are positioned proximate an edge of the layer; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the layer such that superimposed heat from the one or more heat sources 

pvrolyzes at least some hydrocarbons within the selected section of the formation: and 

/ 

producing a mixture from the formation. / 

/ 

492. The method of claim 49 1 , wherein th/ one or more heat sources are laterally 
10 spaced from a center of the layer. 

493. The method of claim 491 , wher^n the one or more heat sources are positioned in 
a staggered line. 

1 5 494. The method of claim 49 1 , wnerein the one or more heat sources positioned 
proximate the edge of the layer caft increase an amount of hydrocarbons produced per 
unit of energy input to the one of more heat sources. 

495. The method of claim 491 9 wherein the one or more heat sources positioned 
20 proximate the edge of the layer can increase the volume of formation undergoing 

pyrolysis per unit of energy /input to the one or more heat sources. 

/ 

/ 

496. The method of clejm 491 , wherein the one or more heat sources comprise 
electrical heaters. / 



25 



497. The method of q(aim 491, wherein the one or more heat sources comprise surface 
burners. 



498. The method of 



30 flameless distributed combustors 



claim 491. wherein the one or more heat sources comprise 
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499. The method of claim 49 L wherein the one or more heat sources comprise natural 
distributed combustors. 

500. The method of claim 491 , further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature Jot the temperature is controlled as 
a function of pressure. 




501 . The method of claim 49 L further comprising controlling the heat such that an 
10 average heating rate of the selected section is less than about 1 .0 ° C per day during 

pvrolvsis. / 

/ 

/ 

502. The method of claim 49 L wherein providing heat from the one or more heat 
sources to at least the portion of the layer c'omprises: 

15 heating a selected volume (K) of t6e coal formation from the one or more heat 

/ 

sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 

pyrolyzes at least some hydrocarbons Within the selected volume of the formation; and 

/ 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
20 Pwr - h*V*C v *p B 

wherein Pwr is the heating energy/day. h is an average heating rate of the 
formation, ps is formation bulk cj'ensity, and wherein the heating rate is less than about 1 0 
°C/day. 



25 503. The method of claim ^9L wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity 7 of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

504. The method of claim 491 9 wherein the produced mixture comprises condensable 
30 hydrocarbons having an API gravity of at least about 25°. 
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505. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

506. The method of claim 491 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar/ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



507. The method of claim 491 , wherein/the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than ab^tit 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons nitrogen. 

508. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is oxygen. 



20 



25 



509. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



/ 



5 1 0. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, whereiiV about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

511. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



\ 
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512. The method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 513. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

514. The method of claim 491 , wherein ttfe produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

515. The method of claim 491 , wh4rein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hycyogen is less than about 80 % by volume of the non- 
condensable component. 



516. The method of claim^9 1 , wherein the produced mixture comprises ammonia, and 
20 wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



5 1 7. The method of claim 491 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is lised to produce fertilizer. 

25 518. The method of cl [aim 491 , further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

519. The method of claim 49 1 , further comprising controlling formation conditions to 
30 produce a mixture of c ondensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is jjeater than about 0.5 bar. 



\ 
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520. The method of claim 519, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

52 1 . The method of claim 491 , further comprising altering^ pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. j 

522. The method of claim 491 , further comprising/controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. j 

j 

523. The method of claim 491 , further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

1 5 within the section; and / 

/ 

heating a portion of the section with heat from hydrogenation. 

/ 
j 

524. The method of claim 491 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the metl^d further comprising hydrogenating a portion of the 

20 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

/ 

/ 

525. The method of claim 491 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 

millidarcy. / 

/ 

25 



526. The method of claich 491 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



527. The method of cli 
30 than about 60 % bv wei 



im 491, further comprising controlling the heat to yield greater 
ht of condensable hydrocarbons, as measured by Fischer Assay. 
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528. The method of claim 491, wherein producing the mixture comprises producing 
the mixture in a production welL and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

529. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of he# sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

530. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the forfnation, wherein three or more of the heat 
sources are located in the formation in a / /init of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/arid wherein a plurality of the units are repeated 
over an area of the formation to foiWa repetitive pattern of units. 

53 1 . A method of treating a co^fl formation in situ, comprising: 
providing heat from oneybr more heat sources to at least a portion of the 

formation; j 

allowing the heat to tr^ansfer from the one or more heat sources to a selected 
20 section of the formation; and' 

controlling a pressure and a temperature within at least a majority of the selected 
section of the formation, wherein the pressure is controlled as a function of temperature, 
or the temperature is controlled as a function of pressure; and 
producing a mixture from the formation. 
25 / 

532. The method o^claim 53 1 , wherein the one or more heat sources comprise at least 
two heat sources, and/wherein superposition of heat from at least the two heat sources 
pyrolyzes at least soifie hydrocarbons within the selected section of the formation. 



\ 
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533. The method of claim 53 1 , wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

/ 

5 534. The method of claim 53 1 , wherein the one or mor^4ieat sources comprise 
electrical heaters. 

535. The method of claim 53 1 , wherein the one ojl more heat sources comprise surface 
burners. 



10 



536. The method of claim 53 1 , wherein the 6ne or more heat sources comprise 
flameless distributed combustors. j 



537. The method of claim 53 1 , whereby the one or more heat sources comprise natural 
1 5 distributed combustors. 

/ 

538. The method of claim 53 1 , further comprising controlling the heat such that an 
average heating rate of the selected ^ection is less than about 1 °C per day during 
pyrolysis. 

20 

539. The method of claim 53 y, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (Cv), and wherein the 
25 heating pyrolyzes at least some hydrocarbons within the selected volume of the 
formation; and / 

wherein heating enbrgy/day provided to the volume is equal to or less than Pmt, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p, 
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wherein Pmt is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

5 540. The method of claim 53 1 , wherein allowing th/heat to transfer comprises 
transferring heat substantially by conduction. 

541 . The method of claim 53 1 , wherein providing heat from the one or more heat 
sources comprises heating the selected section4uch that a thermal conductivity of at least 

10 a portion of the selected section is greater than about 0.5 W/(m °C). 

542. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

15 543. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0/1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olef 

544. The method of claim 53/, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, ana wherein about 0. 1 % by weight to about 1 5 % by weight 

of the non-condensable hydrocarbons are olefins. 

545. The method of claim 53 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein a molar ratio of ethene to ethane in the non- 
25 condensable hydrocarbons ranges from about 0.001 to about 0.15. 



30 



546. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensabl* hydrocarbons is nitrogen. 



\ 
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547. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

/ 

5 548. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %py weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulf 

549. The method of claim 53 1 , wherein/the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen contaiiung compounds, and wherein the oxygen 
containing compounds comprise phenols. 

550. The method of claim 53 1 , therein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

551 . The method of clainy 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and whereiivless than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 



552. The method of ylaim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asplialtenes. 

iL 



25 



553 . The method jof claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and ^herein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 554. The method of claim 531, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 



\ 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

5 555. The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 

556. The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilize/ 



10 



557. The method of claim 53 1 , wherein theycontrolled pressure is at least about 2.0 bar 



absolute. 



tor 



/ 



558. The method of claim 53 1 , further Comprising controlling formation conditions to 

15 produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 

/ 

within the mixture is greater than about' 0.5 bar. 



20 



559. The method of claim 53 1 , wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

560. The method of claim 53 1 ^/further comprising altering a pressure within the 
formation to inhibit production c/f hydrocarbons from the formation having carbon 
numbers greater than about 25. / 



25 561. The method of claim sji 1 , wherein controlling formation conditions comprises 
recirculating a portion of hydfogen from the mixture into the formation. 



562. The method of claim 
providing hydrogen 
30 within the section; and 

heating a portion of 



531, further comprising: 

(JH2) to the heated section to hydrogenate hydrocarbons 
section with heat from hydrogenation. 
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563. The method of claim 53 1 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

564. The method of claim 531, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



10 565. The method of claim 53 1 , wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 

566. The method of claim 53 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



15 



30 



/ 



567. The method of claim 53 1 , vyherein producing the mixture comprises producing 
the mixture in a production well, ^hd wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

/ 

20 568. The method of claim 5j\ , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

/ 

sources comprises a triangu/ar pattern. 



25 569. The method of clajln 531, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the' formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



570. A method of treai 



ing a coal formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more h^at sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 

5 above, a temperature that will pyrolyze hydrocarbons within the selected section; 

/ 

producing a mixture from the formation; and / 

controlling API gravity of the produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such that the average pressure in the selected section is greater than the pressure 
10 (p) set forth in the following equation for an assessed average temperature (T) in the 
selected section: 

p = e H4ooorr+ 6 7] 

where p is measured in psia and T is measu^d in 0 Kelvin. 

/ 

571 . The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 30 degrees API, and wherein the equation is: 

J.31000/T+ 51] 

20 572. The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater than about 3£ degrees API, and wherein the equation is: 

= e f-22000<T+ 38] 



15 



573. The method of claim 570,jlvherein the one or more heat sources comprise at least 
25 two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



30 



574. The method of claim 57/D, wherein controlling the average temperature comprises 
maintaining a temperature in thfe selected section within a pyrolysis temperature range. 



575. The method of claim 5 i 
electrical heaters. 



0, wherein the one or more heat sources comprise 



v 
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576. The method of claim 570, wherein the one or more heat sources comprise surface 
burners. 

5 577. The method of claim 570, wherein thj/one or more heat sources comprise 
flameless distributed combustors. / 

578. The method of claim 570, wherein the one or more heat sources comprise natural 
distributed combustors. / 

10 / 

579. The method of claim 57o/further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

15 / 

580. The method of claim 570, further comprising controlling the heat such that an 
average heating rate of tne selected section is less than about 1 °C per day during 
pyrolysis. / 

20 581. The method of claim 570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein pe formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at leastf some hydrocarbons within the selected volume of the formation; and 
25 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = H*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
30 °C/day. 

\ 
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582. The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

583. The method of claim 570, wherein providing heat from the one or more heat 

5 sources comprises heating the selected sectionsuch that a thermal conductivity of at least 
a portion of the selected section is greater thafi about 0.5 W/(m °C). 

584. The method of claim 570, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 %yby weight to about 15 % by weight of the 

1 o condensable hydrocarbons are olefins. 

585. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

j 

586. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, wjd wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ralnges from about 0.001 to about 0.15. 

20 587. The method of clajfn 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



y h : 



588. The method of claim 570, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

\ 

589. The method 6f claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and ^herein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the conderwsable hydrocarbons is sulfur. 
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590. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

5 

591 . The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than ^oout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds/ 

10 592. The method of claim 570, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



593. The method of claim 570, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphalte^es. 

/ 

594. The method of ^aim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

20 condensable hydrocai/bons are cycloalkanes. 

/ 
/ 

595. The method/of claim 570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

25 component, and v^herein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



596. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

30 
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597. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

598. The method of claim 570, further comprising controlling formation conditions to 
5 produce a mixture of condensable hydrocarboris and H2, wherein a partial pressure of H: 

within the mixture is greater than about 0.5 

599. The method of claim 570, whereyi the partial pressure of H2 is measured when the 
mixture is at a production well. 

10 

600. The method of claim 570, further comprising altering a pressure within the 
formation to inhibit production o^nydrocarbons from the formation having carbon 
numbers greater than about 25. 

15 601 . The method of claim 570, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

602. The method of claim 570, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
20 within the section; and / 

heating a portion of the section with heat from hydrogenation. 



603. The method of claim 570, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
25 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



30 



604. The metho^ of claim 570, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 
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605. The method of claim 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

606. The method of claim 570, wherein the heat is controlled to yield greater than 
5 about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

607. The method of claim 570. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

10 

608. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

/ 

609. The method of claim 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality 7 of the units are repeated 

20 over an area of the formation to form a repetitive pattern of units. 

610. A method of treating a coal formation in situ, comprising: 

providing heat to at least a portion of a coal formation such that a temperature (T) 
in a substantial part oythe heated portion exceeds 270 °C and hydrocarbons are pyrolyzed 
25 within the heated portion of the formation; 

controlling a pressure (p) within at least a substantial part of the heated portion of 
the formation; j 



30 



wherein p bar 
wherein p is 



*> p [ ( -A/T) -r B- 2.6744] . 

the pressure in bar absolute and T is the temperature in degrees K, 



and A and B are parameters that are larger than 10 and are selected in relation to the 



\ 
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characteristics and composition of the coal formation and on the required olefin content 
and carbon number of the pyrolyzed hydrocarbon fluids; and 

producing pyrolyzed hydrocarbon fluids from the heated portion of the formation. 

5 611. The method of claim 610, wherein A is greater than 14000 and B is greater than 
about 25 and a majority of the produced pyrolyzed hydrocarbon fluids have an average 
carbon number lower than 25 and comprise less^than about 10 % by weight of olefins. 

612. The method of claim 610, wherein yis less than about 390 °C, p is greater than 
10 about 1 .4 bar, A is greater than about 44000, and b is greater than about 67, and a 

majority of the produced pyrolyzed hydrpcarbon fluids have an average carbon number 
less than 25 and comprise less than 10 by weight of olefins. 

/ 

613. The method of claim 610, wHerein T is less than about 390 °C, p is greater than 

] 5 about 2 bar, A is less than about 5TO00, and b is less than about 83, and a majority of the 
produced pyrolyzed hydrocarbon/iluids have an average carbon number lower than about 
21. 



614. The method of claim 61 0, further comprising controlling the heat such that an 
20 average heating rate of the Ideated portion is less than about 3°C per day during 
pyrolysis. 



.615. The method of c^aim 610, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
25 heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the/formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least so(me hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pmt, 
wherein Pwr is calculated by the equation: 
30 Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

5 616. The method of claim 610, wherein heat is transferred substantially by conduction 
from one or more heat sources located in one or more ,heat sources to the heated portion 
of the formation. 

617. The method of claim 616, wherein the hdit sources comprise heaters in which 
10 hydrocarbons are either injected into a heaters or released by the coal formation adjacent 
to a heater by an oxidant injected into the heater in or adjacent to which the combustion 
occurs and wherein at least part of the produced combustion gases are vented to surface 
via the heater in which the combustion occurs. 



15 618. The method of claim 6 1 7, wherein heat is transferred substantially by conduction 
from one or more heat sources to the hfeated portion of the formation such that the 
thermal conductivity of at least part <jf the heated portion is substantially uniformly 
modified to a value greater than abo ; ut 0.6 W/m °C and the permeability of said part 
increases substantially uniformly id a value greater than 1 Darcy. 

/ 

619. The method of claim 61 0/ further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H 2 , wherein a partial pressure of H2 within 
the mixture flowing through the formation is greater than 0.5 Bar. 



/ 

25 620. The method of claim ^19, further comprising, hydrogenating a portion of the 
produced pyrolyzed hydrocarbon fluids with at least a portion of the produced hydrogen 
and heating the fluids with Ij'eat from hydrogenation . 

/ 

621 . The method of claiii 610, wherein the coal formation is a coal seam and at least 
30 about 70% of the hydrocarbon content of the coal, when such hydrocarbon content is 
measured by a Fischer assay, is produced from the heated portion of the formation. 
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622. The method of claim 610, wherein the substantially gaseous pyrolyzed 
hydrocarbon fluids are produced from a production well, the method further comprising 
heating a wellbore of the production well to inhibit condensation of the hydrocarbon 

5 fluids within the wellbore. 

/ 
/ 

623. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources tc/at least a portion of the 

formation; / 
] 0 allowing the heat to transfer from the one or/more heat sources to a selected 

section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 
producing a mixture from the formation? and 

controlling a weight percentage of olefins of the produced mixture to be less than 
15 about 20 % by weight by controlling average^pressure and average temperature in the 
selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equation for an assessed average temperature (T) in 
the selected section: / 

„ J p [-57000,0*^83] 

20 j 

where p is measured in psia and T is measured in 0 Kelvin. 

/ 

/ 

/ 

624. The method of claim 623, wherein the weight percentage of olefins of the 

produced mixture is controlled to be less than about 1 0 % by weight, and wherein the 

/ 

25 equation is: / 

I p = e H6000,T+28] 

I 

i 
i 

625. The method of claim 623^ wherein the weight percentage of olefins of the 

to be 

30 equation is: j 



produced mixture is controlled to be less than about 5 % by weight, and wherein the 



p = e N2000T-22] 
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626. The method of claim 623, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



5 627. The method of claim 623, wherein the one or more^heat sources comprise 
electrical heaters. ' 



628. The method of claim 623, wherein the one orjnore heat sources comprise surface 
burners. 



10 



629. The method of claim 623, wherein the oije or more heat sources comprise 
flameless distributed combustors. / 



630. The method of claim 623, wherein the one or more heat sources comprise natural 

/ 

15 distributed combustors. / 

/ 

/ 

63 1 . The method of claim 623, further/comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature; or the temperature is controlled as a function of 

20 pressure. j 

! 

632. The method of claim 63 1 , wherein controlling an average temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 



25 



range. 



/ 



633. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the sele/ted section is less than about 3.0 °C per day during 
pyrolysis. 



\ 
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634. The method of claim 623, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

5 635. The method of claim 623, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average beat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pwr. 

wherein /Vr is calculated by the equation^ 



Pwr = h*V*C v *p B 



wherein Pwr is the heating ene/gy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

15 °C/day. / 

/ 

/ 
/ 

636. The method of claim 623/ wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

i 

20 637. The method of clainy>23, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 

least a portion of the selected section is greater than about 0.5 W/(m °C). 

/ 
i 
I 

638. The method of cl^im 623, wherein the produced mixture comprises condensable 
25 hydrocarbons having an' API gravity of at least about 25°. 

/ 

639. The method ofjtlaim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

30 



? 
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640. The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

5 641 . The method of claim 623, wherein the produced mixture comprises non- 

/ 

condensable hydrocarbons, and wherein a molar/ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about (J.001 to about 0.15. 

642. The method of claim 623, whereinythe produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

643. The method of claim 623, Wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is oxygen. 



20 



25 



644. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Fess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

645. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

646. The method/of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and /wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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647. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 648. The method of claim 623, wherein the produced mixture comprises condensable 

/ 

hydrocarbons, and wherein less than about 0/3 % by weight of the condensable 
hydrocarbons are asphaltenes. j 

649. The method of claim 623, where/n the produced mixture comprises condensable 

/ 

1 0 hydrocarbons, and wherein about 5 % jby weight to about 30 % by weight of the 
condensable hydrocarbons are cyclo^kanes. 

650. The method of claim 623, ^/herein the produced mixture comprises a non- 
condensable component, whereiny(he non-condensable component comprises hydrogen. 

15 wherein the hydrogen is greater^han about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. j 

. / 

651. The method of clain^'623, wherein the produced mixture comprises ammonia, and 
20 wherein greater than about /b.05 % by weight of the produced mixture is ammonia. 

/ 

652. The method of cl^im 623, wherein the produced mixture comprises ammonia, and 
wherein the ammonia isjased to produce fertilizer. 

/ 
/ 

25 653. The method of ^laim 623, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 



654. The method of 



30 mixture is at a production well 



claim 623, wherein the partial pressure of H 2 is measured when the 
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655. The method of claim 623, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 656. The method of claim 623, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

657. The method of claim 623, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

10 within the section; and 

heating a portion of the section/with heat from hydrogenation. 

658. The method of claim 623, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the memod further comprising hydrogenating a portion of the 

1 5 produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

659. The method of claim 623, wherein allowing the heat to transfer comprises 
increasing a permeability of ^/majority of the selected section to greater than about 100 
millidarcy. 

20 

660. The method of claim 623, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

661 . The method of claim 623, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



30 



662. The method of claim 623, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eaci production well. 
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663. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



10 



664. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formatio^, wherein three or more of the heat 
sources are located in the formation in a unit off heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



15 



20 



25 



665. A method of treating a coal formation in situ, comprising: 

providing heat from one or m^fre heat sources to at least a portion of the 
formation; 

allowing the heat to transfe/ from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pj*olyze hydrocarbons within the selected section; 

producing a mixture from the formation; and 

controlling hydrocarbons having carbon numbers greater than 25 of the produced 
mixture to be less than about 25 % by weight by controlling average pressure and average 
temperature in the selected section such that the average pressure in the selected section 
is greater than the pressure ip) set forth in the following equation for an assessed average 
temperature (T) in the selected section: 

p = e [-14000?+ 25] 

where p is measured in psia and T is measured in 0 Kelvin. 



30 



666. The method of c 
greater than 25 of the prbduced 
weight, and wherein the 



aim 665, wherein the hydrocarbons having carbon numbers 

mixture is controlled to be less than about 20 % by 
equation is: 

p = e [-16000? -28] 
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667. The method of claim 665, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 1 5 % by 
weight, and wherein the equation is: 

p = e H8000T~32] 

5 

668. The method of claim 665, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

1 0 669. The method of claim 665 , wherein the one pr more heat sources comprise 
electrical heaters. 

670. The method of claim 665, wherein the pne or more heat sources comprise surface 
burners. 



15 



671 . The method of claim 665, wherein the one or more heat sources comprise 
flameless distributed combustors. 



672. The method of claim 665, wherein the one or more heat sources comprise natural 
20 distributed combustors. 



25 



673. The method of claim 665, furaier comprising controlling a temperature within at 
least a majority of the selected secticm of the formation, wherein the pressure is 
controlled as a function of temperatpre, or the temperature is controlled as a function of 
pressure. 



30 



674. The method of claim 673, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 
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675. The method of claim 665, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

/ 

/ 

5 676. The method of claim 665, wherein providing Jteat from the one or more heat 
sources to at least the portion of formation compris 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided Jlo the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 

formation, p B is formation bulk densityyand wherein the heating rate is less than about 1 0 

15 °C/day. / 

/ 

/ 

677. The method of claim 665, vykerein allowing the heat to transfer comprises 
transferring heat substantially by Conduction. 

/ 

20 678. The method of claim 665, wherein providing heat from the one or more heat 

sources comprises heating the ^elected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

679. The method of claii^i 665, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 

680. The method of claim 665, wherein the produced mixture comprises condensable 



hydrocarbons, and where 
condensable hydrocarbor 



n about 0.1 % by weight to about 15 % by weight of the 
s are olefins. 



30 
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68 1 . The method of claim 665, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



5 682. The method of claim 665, wherein the produce4 / mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. , 

683. The method of claim 665, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 °/</by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. 

684. The method of claim 665, whereirythe produced mixture comprises condensable 
hydrocarbons, and wherein less than abopt 1 % by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons/is sulfur. 



25 



685. The method of claim 665, wherein the produced mixture comprises condensable 



hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
20 containing compounds comprise/phenols. 



686. The method of claim 6,65, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic y()mpounds. 

687. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises/multi-ring aromatics with more than two rings. 
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688. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 689. The method of claim 665, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

690. The method of claim 665, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about ]fo % by volume of the non-condensable 
component, and wherein the hydrogen is \fss than about 80 % by volume of the non- 
condensable component. 

15 69 1 . The method of claim 665, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 

692. The method of claim 665, /wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to /produce fertilizer. 

20 / 

693. The method of claim 665, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

25 694. The method of claim 665, wherein the partial pressure of H 2 is measured when the 
mixture is at a production well. 

695. The method of claim 665, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25. 



\ 
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696. The method of claim 665, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

5 

697. The method of claim 665, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

10 698. The method of claim 665, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the ^elected section to greater than about 100 
millidarcy. 



699. The method of claim 665, wherein'allowing the heat to transfer comprises 

15 substantially uniformly increasing a penpeability of a majority of the selected section. 

/ 

/ 

700. The method of claim 665, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

20 70 1 . The method of claim 665 , ^herein producing the mixture comprises producing 
the mixture in a production well, ^tnd wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



i 



702. The method of claim 665, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangulaif pattern. 

f 

I 

703. The method of claim ^65, further comprising providing heat from three or more 
30 heat sources to at least a porqon of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

704. A method of treating a coal formation in situ, comprising: 
5 providing heat from one or more heat sources to at least 9 portion of the 

formation; / 

allowing the heat to transfer from the one or more heat/sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 
10 producing a mixture from the formation; and 

controlling an atomic hydrogen to carbon ratio o#the produced mixture to be 

greater than about 1 .7 by controlling average pressure attd average temperature in the 

/ 

selected section such that the average pressure in the selected section is greater than the 

pressure (p) set forth in the following equation for an/assessed average temperature (7) in 

/ 

15 the selected section: / 

p = e l-38000rrj61] 

i 

i 

where p is measured in psia and T is measured in / Kelvin. 

/ 
/ 
/ 

20 705. The method of claim 704, wherein the atomic hydrogen to carbon ratio of the 
produced mixture is controlled to be greater than about 1 .8, and wherein the equation is: 

= f-13o'()0,T^24] 
F i 

i 

706. The method of claim 704, wherein tjj/e atomic hydrogen to carbon ratio of the 
25 produced mixture is controlled to be greater than about 1 .9, and wherein the equation is: 

p = Jf-800a>T+ 18] 



707. The method of claim 704, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
30 pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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708. The method of claim 704, wherein the one or more heat sources comprise 
electrical heaters. 

709. The method of claim 704, wherein the one or more heat sources comprise surface 
burners. 

710. The method of claim 704, wherein the one or l/ore heat sources comprise 
flameless distributed combustors. 



10 711. The method of claim 704, wherein the on^or more heat sources comprise natural 



25 



distributed combustors. / 

/ 
/ 
/ 

712. The method of claim 704, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
15 controlled as a function of temperature, or .the temperature is controlled as a function of 
pressure. / 



713. The method of claim 712, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 

20 range. 

/ 
/ 

714. The method of claim 704, further comprising controlling the heat such that an 

average heating rate of the selected section is less than about 1 °C per day during 

/ 

pyrolysis. / 

/ 
/ 

715. The method of claim 704, wherein providing heat from the one or more heat 
sources to at least the portioiiof formation comprises: 



heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formatjon has an average heat capacity (C v ) ; and wherein the heating 
30 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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25 




wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the/heating rate is less than about 1 0 
°C/day. 

716. The method of claim 704, wherein allowii^ the heat to transfer comprises 
transferring heat substantially by conduction. 

/ 

717. The method of claim 704, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity' of at least 
a portion of the selected section is greater^han about 0.5 W/(m °C). 

/ 

15 718. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity o/ at least about 25°. 

719. The method of claim 704, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein about 0/1 % by weight to about 1 5 % by weight of the 

/ 

20 condensable hydrocarbons are olefins. 

/ 

720. The method of claim 704/ wherein the produced mixture comprises non- 
condensable hydrocarbons, and /wherein about 0.1 % by weight to about 15 % by weight 



of the non-condensable hydrocarbons are olefins. 

721 . The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



\ 
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722. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 723. The method of claim 704, wherein the produced^mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

/ 

724. The method of claim 704, wherein the produced mixture comprises condensable 

10 hydrocarbons, and wherein less than about 1 % Hy weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is sulfuf. 

/ 

/ 

725. The method of claim 704, wherein the produced mixture comprises condensable 

hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

/ 

1 5 hydrocarbons comprise oxygen containing/compounds, and wherein the oxygen 

containing compounds comprise phenols./ 

/ 

/ 

726. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. 

/ 

/ 
t 

727. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thari about 5 % by weight of the condensable 
hydrocarbons comprises multi-rin^' aromatics with more than two rings. 

/ 

728. The method of claim 704,|wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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729. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

/ 

/ 

730. The method of claim 704, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10>% by volume of the non-condensable 
component, and wherein the hydrogen is les/ than about 80 % by volume of the non- 
condensable component. 

73 1 . The method of claim 704, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



732. The method of claim 704, wHerein the produced mixture comprises ammonia, and 
15 wherein the ammonia is used to produce fertilizer. 

733. The method of claim 704/ further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

20 / 

/ 

734. The method of claim /704, wherein the partial pressure of H 2 is measured when the 
mixture is at a production v^ll. 

/ 

735. The method of claim 704, further comprising altering a pressure within the 
25 formation to inhibit prodyction of hydrocarbons from the formation having carbon 

numbers greater than abq'ut 25. 

/ 

736. The method of claim 704, wherein controlling formation conditions comprises 



30 



recirculating a portion c 



f hydrogen from the mixture into the formation. 



73 7. The method of c laim 704, further comprising: 



\ 
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providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

738. The method of claim 704, wherein the produced rpixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

739. The method of claim 704, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

740. The method of claim 704, wherein flowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

741 . The method of claim 704, further comprising controlling the heat to yield greater 
than about 60 % by weight of conden^4ble hydrocarbons, as measured by Fischer Assay. 

/ 

742. The method of claim 704, wherein producing the mixture comprises producing 

20 the mixture in a production well, ajtd wherein at least about 7 heat sources are disposed in 

the formation for each productioiVwell. 

/ 

743. The method of claim 70<4, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

25 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

i 
I 

744. The method of clain^ 704, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

30 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

745. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least one portion of the 
formation; / 

allowing the heat to transfer from the one or ntare heat sources to a selected 
section of the formation; 



/ 



/ 

controlling a pressure-temperature relationship within at least the selected section 
10 of the formation by selected energy input into th'e one or more heat sources and by 
pressure release from the selected section through wellbores of the one or more heat 
sources; and / 

producing a mixture from the formation. 

/ 
/ 

15 746. The method of claim 745, wherein the one or more heat sources comprise at least 

/ 

two heat sources, and wherein superposition of heat from at least the two heat sources 

/ 

pyrolyzes at least some hydrocarbons within the selected section of the formation. 



747. The method of claim 745, wherein the one or more heat sources comprise at least 



20 two heat sources. 



/ 



30 



748. The method of claim 745, /wherein the one or more heat sources comprise surface 



burners. 



i 

I 



25 749. The method of claim 74£, wherein the one or more heat sources comprise 
flameless distributed combustors. 



750. The method of claim 
distributed combustors. 



745, wherein the one or more heat sources comprise natural 
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75 1 . The method of claim 745, further comprising controlling the pressure-temperature 
relationship by controlling a rate of removal of fluid from the formation. 

/ 

752. The method of claim 745, further comprising controlling the heat such that an 
5 average heating rate of the selected section is less than apoul 1 °C per day during 

pyrolysis. 

753. The method of claim 745, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

10 heating a selected volume (10 of the coayformation from the one or more heat 

sources, wherein the formation has an average jieat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provident© the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation:^ 
15 Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, ,4nd wherein the heating rate is less than about 1 0 

°C/day. / 

/ 
/ 
/ 

20 754. The method of claim 745, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

/ 
j 

755. The method of claim 745, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
25 a portion of the selected section i's greater than about 0.5 W/(m °C). 



756. The method of claim 74p, wherein the produced mixture comprises condensable 
hydrocarbons having an API gifevity of at least about 25°. 
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757. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

758. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. / 



759. The method of claim 745, wherein the produced mixture comprises non- 

10 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.^6l to about 0.15. 

/ 
/ 
/ 

760. The method of claim 745, wherein the^produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1/% by weight, when calculated on an atomic 

/ 

15 basis, of the condensable hydrocarbons is nitrogen. 



761 . The method of claim 745, whereip the produced mixture comprises condensable 
hydrocarbons, and wherein less than abc/ut 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons'^ oxygen. 

20 / 

/ 

762. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thai/about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocart/ons is sulfur. 

/ 

25 763. The method of claim 745,/wherein the produced mixture comprises condensable 



hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen Containing compounds, and wherein the oxygen 



containing compounds comprise 



phenols. 
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764. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

/ 

5 765. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with mo/e than two rings. 

766. The method of claim 745, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 0.3 %/by weight of the condensable 
hydrocarbons are asphaltenes. 



15 



767. The method of claim 745, wherein thk produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



20 



768. The method of claim 745, wherein the produced mixture comprises a non- 
condensable component, wherein the /non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thanf about 10 % by volume of the non-condensable 
component, and wherein the hydrojgen is less than about 80 % by volume of the non- 
condensable component. 



25 



769. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.Q5 % by weight of the produced mixture is ammonia. 

770. The method of clainy745, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



77 1 . The method of cl; 
30 a majority of the selected 
least about 2.0 bar absolute 



745, further comprising controlling a pressure within at least 
section of the formation, wherein the controlled pressure is at 
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772. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2» wherein the partial pressure of H: within 
the mixture is greater than about 0.5 bar. 

5 

/ 

773. The method of claim 745, further comprising contro^ing formation conditions to 
produce a mixture of condensable hydrocarbons and H2, herein a partial pressure of H: 
within the mixture is greater than about 0.5 bar. j 

10 774. The method of claim 745, wherein the partial/pressure of H2 is measured when the 



mixture is at a production well. 



775. The method of claim 745, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbon^ from the formation having carbon 

15 numbers greater than about 25. j / 

/ 

776, The method of claim 745, wherein controlling formation conditions comprises 

recirculating a portion of hydrogen from the mixture into the formation. 

.* 

/ 

20 777. The method of claim 745, furthe^ comprising: 

providing hydrogen (H 2 ) to the Seated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 



25 778. The method of claim 745, vyherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbqhs with at least a portion of the produced hydrogen. 

/ 
1 

779. The method of claim 745| wherein allowing the heat to transfer comprises 
30 increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 
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780. The method of claim 745, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 

/ 

/ 

/ 

5 78 1 . The method of claim 745, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

/ 

782. The method of claim 745, wherein producing the mixture comprises producing 
the mixture in a production well, and whereir/ at least about 7 heat sources are disposed in 

10 the formation for each production well. ^ 

783. The method of claim 745, further/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation \if a unit of heat sources, and wherein the unit of heat 

1 5 sources comprises a triangular patter 



784. The method of claim 745, /further comprising providing heat from three or more 
heat sources to at least a portion bf the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangulay pattern, and wherein a plurality of the units are repeated 
over an area of the formatioiyto form a repetitive pattern of units. 

. / 

785. A method of treating a coal formation in situ, comprising: 

heating a selected volume/(F) of the coal formation, wherein formation has an average 
25 heat capacity (C v ), and wherein the heating pyrolyzes at least some hydrocarbons within 
the selected volume of ttte formation; and 

wherein heating/energy/day provided to the volume is equal to or less than Pw\ 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C y fp B 



30 wherein Pwr is th 



p B is formation bulk density, and wherein the heating rate is less than about 10 °C/day. 



heating energy/day, h is an average heating rate of the formation, 
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786. The method of claim 785, wherein heating a selected volume comprises heating 
with an electrical heater. 

5 787. The method of claim 785, wherein heating a selected volume comprises heating 
with a surface burner. 

788. The method of claim 785, wherein gating a selected volume comprises heating 
with a flameless distributed combustor. 



10 



789. The method of claim 785, wher/in heating a selected volume comprises heating 
with a natural distributed combustors/ 



790. The method of claim 785, further comprising controlling a pressure and a 
1 5 temperature within at least a majority of the selected volume of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 



791 . The method of claim /785, further comprising controlling the heating such that an 
20 average heating rate of the ^elected volume is less than about 1 °C per day during 

pyrolysis. j 

i 

792. The method of claim 785, wherein a value for C v is determined as an average heat 
capacity of two or more/samples taken from the coal formation. 

25 

793. The method otf claim 785, wherein heating the selected volume comprises 
transferring heat substantially by conduction. 



794. The method pf claim 785, wherein heating the selected volume comprises heating 
30 the selected section/such that a thermal conductivity of at least a portion of the selected 
section is greater thfan about 0.5 W/(m °C). 
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795. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

796. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

10 condensable hydrocarbons, and wherein ^>out 0. 1 % by weight to about 1 5 % by weight 

of the non-condensable hydrocarbons a^e olefins. 

/ 

/ 

798. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

1 5 condensable hydrocarbons rangesyfrom about 0.00 1 to about 0.15. 

/ 

799. The method of claim 78,5, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



20 



800. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensabl^ hydrocarbons is oxygen. 



25 801 . The method oficlaim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wtterein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

802. The method of claim 785, wherein the produced mixture comprises condensable 
30 hydrocarbons, wherfein about 5 % by weight to about 30 % by weight of the condensable 

V 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

803. The method of claim 785, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

804. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

10 hydrocarbons comprises multi-ring aromatics/with more than two rings. 



15 



25 



805. The method of claim 785, wherein t^ie produced mixture comprises condensable 
hydrocarbons, and wherein les: 
hydrocarbons are asphaltenes. 



hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 



806. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



20 807. The method of claim 78f){ wherein the produced mixture comprises a non- 

condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the jiydrogen is less than about 80 % by volume of the non- 
condensable component. 



/ 



808. The method of clajta 785, wherein the produced mixture comprises ammonia, and 
wherein greater than aboyt 0.05 % by weight of the produced mixture is ammonia. 

809. The method of cjjaim 785, wherein the produced mixture comprises ammonia, and 
30 wherein the ammonia is used to produce fertilizer 
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810. The method of claim 785, further comprising controlling a pressure within at least 
a majority of the selected volume of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

/ 

5 811. The method of claim 785, further comprising 7 controlling formation conditions to 



15 



30 



produce a mixture from the formation comprising^ondensable hydrocarbons and H^. 
wherein a partial pressure of H: within the mixture is greater than about 0.5 bar. 



812. The method of claim 785, wherein the/partial pressure of H2 is measured when the 
10 mixture is at a production well. 



813. The method of claim 785, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

814. The method of claim 785, wherein controlling formation conditions comprises 
recirculating a portion of hydrogeiyfrom the mixture into the formation. 



815. The method of claim 785/ further comprising: 
20 providing hydrogen (H^ to the heated volume to hydrogenate hydrocarbons 

within the volume; and 

heating a portion of ttfe volume with heat from hydrogenation. 

816. The method of claim 785, wherein the produced mixture comprises hydrogen and 
25 condensable hydrocarbons, the method further comprising hydrogenating a portion of the 

produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

8 1 7. The method of clkim 785, further comprising increasing a permeability of a 



majority of the selected 



/olume to greater than about 100 millidarcy. 
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8 1 8. The method of claim 785, further comprising substantially uniformly increasing a 
permeability of a majority of the selected volume. 

819. The method of claim 785, further comprising^ontrolling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

820. The method of claim 785, wherein produj/ing the mixture comprises producing 
the mixture in a production well, and wherein a/least about 7 heat sources are disposed in 
the formation for each production well. 

82 1 . The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a/mit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



5, fulht 



822. The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

20 over an area of the formation to/form a repetitive pattern of units. 

823. A method of treating a coal formation in situ, comprising: 
providing heat from ^ne or more heat sources to at least a portion of the 

formation; 

25 allowing the heat td transfer from the one or more heat sources to a selected 

section of the formation to/raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

controlling heat output from the one or more heat sources such that an average 



heating rate of the select 



hvdrocarbons within the 



d section rises by less than about 3 °C per day when the average 



30 temperature of the selected section is at, or above, the temperature that will pyrolyze 



selected section; and 
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producing a mixture from the formation. 

824 . The method of claim 823 , controlling heat output comprises: 

raising the average temperature within the selected section to a first temperature 

that is at or above a minimum pyrolysis temperature of hydrocarbons within the 

/ 

formation; / 

limiting energy input into the one or more h^at sources to inhibit increase in 
temperature of the selected section; and / 

increasing energy input into the formatiop to raise an average temperature of the 
selected section above the first temperature whp production of formation fluid declines 

below a desired production rate. / 

/ 
/ 



825. The method of claim 823, controlling heat output comprises: 

/ 

raising the average temperature within the selected section to a first temperature 
1 5 that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; / 

limiting energy input into the pne or more heat sources to inhibit increase in 
temperature of the selected section; ^dd 

increasing energy input into /the formation to raise an average temperature of the 
20 selected section above the first temperature when quality of formation fluid produced 

from the formation falls below a desired quality. 

/ 

i 

826. The method of claim 82^, wherein the one or more heat sources comprise at least 
two heat sources, and wherein j&uperposition of heat from at least the two heat sources 

25 pyrolyzes at least some hydrodarbons within the selected section. 

/ 
/ 

827. The method of claim &23, wherein the one or more heat sources comprise 

electrical heaters. / 

/ 
/ 
/ 

30 828. The method of claipi 823, wherein the one or more heat sources comprise surface 
burners. 
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829. The method of claim 823, wherein the one or more heat sources comprise 
flameless distributed combustors. 

5 830. The method of claim 823, wherein the one more heat sources comprise natural 

/ 

distributed combustors. / 

83 1 . The method of claim 823, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

10 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

832. The method of claim 823, wherem the heat is controlled that an average heating 
rate of the selected section is less than about 1 .5 °C per day during pyrolysis. 

15 / 

833. The method of claim 823, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 

834. The method of claim 823, wherein providing heat from the one or more heat 
20 sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
25 wherein Pwr is calculated by jthe equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density. 

30 835. The method of clairr 823, wherein allowing the heat to transfer comprises 
transferring heat substantial y by conduction. 
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836. The method of claim 823, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



837. The method of claim 823, wherein the produced/mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



838. The method of claim 823, wherein the produced mixture comprises condensable 
1 0 hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. j 



839. The method of claim 823, wherein tjie produced mixture comprises condensable 
hydrocarbons, wherein the condensable hydrocarbons have an olefin content is less than 

15 about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by weight c>f the condensable hydrocarbons. 

/ 

/ 

840. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, whereiri a molar ratio of ethene to ethane in the non- 
20 condensable hydrocarbons is less ^han about 0. 1 5, and wherein the ratio of ethene to 

ethane is greater than about 0.00/. 

/ 
/ 

841 . The method of claim 8l3, wherein the produced mixture comprises non- 

condensable hydrocarbons, a^id wherein a molar ratio of ethene to ethane in the non- 

/ 

25 condensable hydrocarbons i^' less than about 0.10 and wherein the ratio of ethene to 

ethane is greater than about/0.001 . 

i 

/ 

842. The method of claibi 823, wherein the produced mixture comprises non- 
condensable hydrocarbon^, and wherein a molar ratio of ethene to ethane in the non- 
30 condensable hydrocarbonjs is less than about 0.05 and wherein the ratio of ethene to 

ethane is greater than about 0.001 . 
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843. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 

844. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigh! when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / , 

10 845. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % py weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

846. The method of claim 823, wherein the produced mixture comprises condensable 
15 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

847. The method of claim 823, wh^ein the produced mixture comprises condensable 
20 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

848. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tftan about 5 % by weight of the condensable 

25 hydrocarbons comprises multi-rpig aromatics with more than two rings. 

849. The method of claim 8: 
hydrocarbons, and wherein les 
hydrocarbons are asphaltenes. 

30 



jf3, wherein the produced mixture comprises condensable 
than about 0.3 % by weight of the condensable 
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850. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

/ 

851. The method of claim 823, wherein the produced mixture comprises a non- 
condensable component, wherein the non-cond^isable component comprises hydrogen, 
wherein the hydrogen is greater than about \{jf% by volume of the non-condensable 
component, and wherein the hydrogen is lesfs than about 80 % by volume of the non- 
condensable component. j 



J, whe/ei 

/ 

wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



852. The method of claim 823, wherein the produced mixture comprises ammonia, and 



853. The method of claim 823/wherein the produced mixture comprises ammonia, and 
1 5 wherein the ammonia is used to/produce fertilizer. 

854. The method of claim 823, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

20 

855. The method of clkim 823, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

25 856. The method of claim 823, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

857. The method of claim 823, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater tt an about 25 . 
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858. The method of claim 823, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

859. The method of claim 823, further comprising: 
5 providing H2 to the heated section to h^jdrogenate hydrocarbons within the 

section; and 

heating a portion of the section with/heat from hydrogenation. 

860. The method of claim 823, wherein the produced mixture comprises hydrogen and 
10 condensable hydrocarbons, the method'further comprising hydrogenating a portion of the 

produced condensable hydrocarbons ywith at least a portion of the produced hydrogen. 

861 . The method of claim 823, /wherein allowing the heat to transfer comprises 
increasing a permeability of a n^ajority of the selected section to greater than about 100 

15 millidarcy. 

862. The method of claW 823, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 863 . The method of claim 823, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

864. The method of claim 823, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
25 the formation for each production well. 



30 



865. The method of claim 823, further comprising providing heat from three or more 
heat sources to atf least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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866. The method of claim 823, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

5 over an area of the formation to form a repetitive pattern of units. 

867. A method of treating a coal formation in tfitu, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; to heat a selected section of the formation to an average temperature above 
10 about 270 °C; 

allowing the heat to transfer from/foe one or more heat sources to the selected 
section of the formation; j 

controlling the heat from the ojuz or more heat sources such that an average 
heating rate of the selected section i^ less than about 3 °C per day during pyrolysis; and 
1 5 producing a mixture from ^he formation. 

868. The method of claim 86#, wherein the one or more heat sources comprise at least 
two heat sources, and wherein/superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

20 

869. The method of clapi 867, wherein the one or more heat sources comprise 
electrical heaters. 

870. The method of/claim 867, further comprising supplying electricity to the electrical 
25 heaters substantially auring non-peak hours. 

871 . The method jbf claim 867, wherein the one or more heat sources comprise surface 
burners. 



30 872. The method of claim 867, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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873. The method of claim 867, wherein the one or more heat sources comprise natural 
distributed combustors. 



5 874. The method of claim 867, further comprising controlling a pressure and a 

temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



10 875. The method of claim 867, wherein the heat is further controlled such that an 

average heating rate of the selected seqtion is less than about 3 °C/day until production of 
condensable hydrocarbons substantially ceases. 



876. The method of claim 867, wherein the heat is further controlled that an average 

/ 

15 heating rate of the selected section is less than about 1.5 °C per day during pyrolysis. 

/ 

/ 

877. The method of claim 867, wherein the heat is further controlled such that an 
average heating rate of the se/ected section is less than about 1 °C per day during 
pvrolysis. / 

/ 
/ 

878. The method of clajhi 867, wherein providing heat from the one or more heat 
sources to at least the potion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
25 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*vjc v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
30 formation, p B is for mation bulk density. 



342 Conlcv. Rose & Tayon. P C 



10 



879. The method of claim 867, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

880. The method of claim 867, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than abotj/o.5 W/(m °C). 

/ 

88 1 . The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at leasi about 25°. 

882. The method of claim 867, whereiry^he produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % tyy weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



1 5 883. The method of claim 867, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

884. The method of claim 867, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

885. The method of claim 867, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

886. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. 



\ 
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887. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30% by weight of the condensable 
hydrocarbons comprise oxygen containing compounds/and wherein the oxygen 
containing compounds comprise phenols. 

10 889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2p % by weight of the condensable 
hydrocarbons are aromatic compounds. 



890. The method of claim 867, wherein #ie produced mixture comprises condensable 
15 hydrocarbons, and wherein less than abou/s % by weight of the condensable 

hydrocarbons comprises multi-ring aron/atics with more than two rings. 

/ 
/ 

891. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tharyabout 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 



25 



892. The method of claim 867/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

893. The method of claim 867, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein thfe hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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902. The method of claim 867, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

/ 

903. The method of claim 867, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



904. The method of claim 867, wherein allowing tjie heat to transfer comprises 

10 substantially uniformly increasing a permeability o^ a majority of the selected section. 

/ 

I 

905. The method of claim 867, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

15 906. The method of claim 867, wherein pr6ducing the mixture comprises producing 

the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

/ 

the formation for each production well. / 

/ 

907. The method of claim 867, further comprising providing heat from three or more 
20 heat sources to at least a portion of theyformation, wherein three or more of the heat 

sources are located in the formation i^ a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patteip. 



908. The method of claim 867, ^iirther comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation t<jf form a repetitive pattern of units. 

/ 

30 909. A method of treating ajcoal formation in situ, comprising: 
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894. The method of claim 867, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

895. The method of claim 867, wherein the produced mixture comprises ammonia, and 
5 wherein the ammonia is used to produce fertilizer. / 

896. The method of claim 867, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, vynerein the controlled pressure is at 

10 least about 2.0 bar absolute. 



897. The method of claim 867, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Hb, wherein a partial pressure of H2 



25 



within the mixture is greater than about 0.5 b^r. 



15 / 

898. The method of claim 897, wherein ^he partial pressure of H2 is measured when the 

/ 

mixture is at a production well. j 

1 
( 
1 
I 

899. The method of claim 867, further comprising altering a pressure within the 
20 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25 ' 

900. The method of claim 867, wnerein controlling formation conditions comprises 
recirculating a portion of hydrogeiy from the mixture into the formation. 



90 1 . The method of claim 867/ further comprising: 

providing hydrogen (H 2 )/to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the/section with heat from hydrogenation. 



30 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; 
5 producing a mixture from the formation through aUfeast one production well; 

monitoring a temperature at or in the production well; and 
controlling heat input to raise the monitored temperature at a rate of less than 

about 3 °C per day. 

10 910. The method of claim 909, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

/ 

/ 

911. The method of claim 909, wherein the />ne or more heat sources comprise 
15 electrical heaters. 



25 



/ 



/ 

912. The method of claim 909, wherein^the one or more heat sources comprise surface 
burners. / 

/ 

20 913. The method of claim 909, wherein the one or more heat sources comprise 
flameless distributed combustors. 



9 1 4, The method of claim 909. vy /herein the one or more heat sources comprise natural 
distributed combustors. 



915. The method of claim 909/ further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



30 
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916. The method of claim 909, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolysis. 

917. The method of claim 909, wherein providing heat from the one or more heat 
5 sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
10 wherein Pwr is calculated by the equation: / 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 

formation, p B is formation bulk density. j 

/ 

I 

15 918. The method of claim 909, wherein alloWing the heat to transfer comprises 

transferring heat substantially by conduction/ 

/ 
/ 
/ 

919. The method of claim 909, wherein ^providing heat from the one or more heat 
sources comprises heating the selected sedtion such that a thermal conductivity of at least 

20 a portion of the selected section is greater than about 0.5 W/(m °C). 

920. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity 6f at least about 25°. 

25 92 1 . The method of claim 909, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

922. The method of claim 909/, wherein the produced mixture comprises non- 
30 condensable hydrocarbons, whefein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

923. The method of claim 909, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein less than about 1 % by weight, when/ calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

924. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight/when calculated on an atomic 

10 basis, of the condensable hydrocarbons is oxygen. I 

i 

925. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur, j 

926. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to/about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

20 

927. The method of claim 909, whereby the produced mixture comprises condensable 
hydrocarbons, and wherein greater than jabout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds 

25 928. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

929. The method of claim 909/ wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein less^han about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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930. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



93 1 . The method of claim 909, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than aboyUt 80 % by volume of the non- 
10 condensable component. 



932. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 



1 5 933. The method of claim 909, wherein the/produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

934. The method of claim 909, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 

20 least about 2.0 bar absolute. 

935. The method of claim 909, fuyther comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than jfcbout 0.5 bar. 

25 

936. The method of claim 93^, wherein the partial pressure of H2 is measured when the 
mixture is at a production wellJ 

937. The method of claim 909, further comprising altering a pressure within the 
30 formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. 
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938. The method of claim 909, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

5 939. The method of claim 909, further comprising: 

/ 

providing H2 to the heated section to hydrogenate hydrocarbons within the 
section; and / 

heating a portion of the section with heat frorp hydrogenation. 

10 940. The method of claim 909, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further Comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

941 . The method of claim 909, wherein Allowing the heat to transfer comprises 

15 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

942. The method of claim 909, whferein allowing the heat to transfer comprises 
substantially uniformly increasing ^(permeability of a majority of the selected section. 

20 

943. The method of claim 909/ further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

944. The method of claim 909, wherein producing the mixture comprises producing 

25 the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

945. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

30 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 



sources comprises a triar 



gular pattern. 
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946. The method of claim 909, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

5 sources comprises a triangular pattern, and wherein a^plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

947. A method of treating a coal formation in situ, comprising: 

heating a portion of the formation to ar temperature sufficient to support oxidation 
10 of hydrocarbons within the portion, wherei^lthe portion is located substantially adjacent 
to a wellbore; 

flowing an oxidant through a conduit positioned within the wellbore to a heat 
source zone within the portion, whereip the heat source zone supports an oxidation 
reaction between hydrocarbons and t)ie oxidant; 
1 5 reacting a portion of the oxidant with hydrocarbons to generate heat; and 

transferring generated heay substantially by conduction to a pyrolysis zone of the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone. 

948. The method of claim 947, wherein heating the portion of the formation comprises 
20 raising a temperature of the portion above about 400 °C. 



25 



949. The method of claim 947, wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. 

950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through the wellbore. 



95 1 . The method o 
30 heat source zone to ir 



claim 947, further comprising removing excess oxidant from the 
libit transport of the oxidant to the pyrolysis zone. 



352 



Conley, Rose & Tayon. P C. 



952. The method of claim 947, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

953. The method of claim 947, further comprising heating the conduit with reaction 
5 products being removed through the wellbore. 

954. The method of claim 947 ? wherein the oxidant comprises hydrogen peroxide. 



10 



955. The method of claim 947, wherein the oxidant comprises air. 

956. The method of claim 947, wherein th/oxidant comprises a fluid substantially free 
of nitrogen. 



957. The method of claim 947, further comprising limiting an amount of oxidant to 
15 maintain a temperature of the heat source zone less than about 1200 °C. 

958. The method of claim 947, wherein heating the portion of the formation comprises 
electrically heating the formation. 

i 

20 959. The method of claim 947, wherein heating the portion of the formation composes 
heating the portion using exnaust gases from a surface burner. 



25 



30 



960. The method of claim 947, wherein heating the portion of the formation comprises 
heating the portion with a flameless distributed combustor. 

961 . The method of claim 947, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone, wherein the pressure is 
controlled as a functipn of temperature, or the temperature is controlled as a function of 
pressure. 
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962. The method of ciaim947, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

963. The method of claim 947, wherein heating the portion comprises heating the 

5 pyrolysis zone such that a thermal conductivity of at least a pbrtion of the pyrolysis zone 

/ 

is greater than about 0.5 W/(m °C). / 

i 

i 

964. The method of claim 947, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone of the formation, wherein the controlled pressure is at 

10 . least about 2.0 bar absolute. 

965. The method of claim 947, further comprising: 
providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and / 
1 5 heating a portion of the pyrolysis zrfne with heat from hydrogenation. 

/ 

966. The method of claim 947, wherein transferring generated heat comprises 
increasing a permeability of a majorit]/ Df the pyrolysis zone to greater than about 1 00 
millidarcy. 

20 

967. The method of claim 947, ^herein transferring generated heat comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

968. The method of claim 947, wherein the heating is controlled to yield greater than 
25 about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

969. The method of claim 947, wherein the wellbore is located along strike to reduce 
pressure differentials along a heated length of the wellbore. 

30 970. The method of cliiim 947, wherein the wellbore is located along strike to increase 
uniformity of heating along a heated length of the wellbore. 
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971 . The method of claim 947, wherein the wellbore is located along strike to increase 
control of heating along a heated length of the wellbore. 

/ 

5 972. A method of treating a coal formation in situ, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with ^n oxidant; 

flowing the oxidant into a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the conduit to the hydrocarbons; 
10 allowing the oxidant and the hydrocarbons lo react to produce heat in a heat 

source zone; / 

allowing heat to transfer from the heat spurce zone to a pyrolysis zone in the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone: 
and / 
15 removing reaction products such that the reaction products are inhibited from 

flowing from the heat source zone to the^yrolysis zone. 

/ 

973. The method of claim 972, wherein heating the portion of the formation comprises 
raising the temperature of the portio^ above about 400 °C. 

20 / 

974. The method of claim 972/wherein heating the portion of the formation comprises 

electrically heating the formation. 

/ 
/ 
/ 

975. The method of claim #72, wherein heating the portion of the formation comprises 

25 heating the portion using exhaust gases from a surface burner. 

/ 

/ 

976. The method of claim 972, wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 



heat source zone. 



30 
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977. The method of claim 972, wherein the conduit is located within a wellbore. 
wherein removing reaction products comprises removing reaction products from the heat 
source zone through the wellbore. 



5 978. The method of claim 972, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 

/ 

979. The method of claim 972, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

io / 

/ 

980. The method of claim 972, wherein t^e conduit is located within a wellbore. the 
method further comprising heating the conduit with reaction products being removed 
through the wellbore to raise a temperature of the oxidant passing through the conduit. 

/ 

15 981 . The method of claim 972, wherein the oxidant comprises hydrogen peroxide. 

982. The method of claim 972,ywherein the oxidant comprises air. 

/ 
/ 

983. The method of claim 91/2, wherein the oxidant comprises a fluid substantially free 
20 of nitrogen. 



984. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperature oflthe heat source zone less than about 1200 °C. 

25 985. The method of claim 972, further comprising limiting an amount of oxidant to 
maintain a temperatur^ of the heat source zone at a temperature that inhibits production 
of oxides of nitrogenj 

986. The method/of claim 972, wherein heating a portion of the formation to a 
30 temperature sufficient to support oxidation of hydrocarbons within the portion further 
comprises heating/with a flameless distributed combustor. 



356 



Conle\ . Rose & Tavon. P C 



987. The method of claim 972, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 

5 function of pressure. 

988. The method of claim 972, further comprisuig controlling the heat such that an 
average heating rate of the pyrolysis zone is les/than about 1 °C per day during pyrolysis. 

10 989. The method of claim 972, wherein/allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

990. The method of claim 972, wherein allowing heat to transfer comprises heating the 
pyrolysis zone such that a thermal/conductivity of at least a portion of the pyrolysis zone 

15 is greater than about 0.5 W/(m 

991 . The method of claim/972, further comprising controlling a pressure within at least 
a majority of the pyrolysisyzone, wherein the controlled pressure is at least about 2.0 bar 
absolute. 



20 



25 



992. The method of claim 972, further comprising: 
providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and 

heating a portion of the pyrolysis zone with heat from hydrogenation. 

993. The method of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
millidarcy. 



30 994. The/method of claim 972, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 
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995. The method of claim 972, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

996. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a heayiource zone in the formation; 

allowing the oxidizing gas to react With at least a portion of the hydrocarbons at 
the heat source zone to generate heat in the heat source zone; and 

transferring the generated heat substantially by conduction from the heat source 
zone to a pyrolysis zone in the formation. 



1 5 997. The method of claim 996, #irther comprising transporting the oxidizing fluid 
through the heat source zone by diffusion. 

998. The method of claim 9S96, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



20 



999. The method of claijp 996, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. 



25 1000. The method of tflaim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 



1001. The method q 
30 method further 



claim 996, wherein a conduit is disposed within the opening, the 
comprising removing an oxidation product from the formation through 
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the conduit and transferring substantial heat from the oxidation product in the conduit to 
the oxidizing fluid in the conduit. 



1002. The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid'in the conduit is approximately 
equal to a flow rate of the oxidation product in thexionduit. 



1003. The method of claim 996, wherein a coriduit is disposed within the opening, the 
10 method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 

fluid. 

/ 
/ 
/ 

1 5 1 004. The method of claim 996, wfy^rein a center conduit is disposed within an outer 
conduit, and wherein the outer concjuit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 

removing an oxidation product tlxrough the outer conduit. 

/ 

/ 

20 1 005. The method of claim 996, wherein the heat source zone extends radially from the 

/ 



opening a width of less than ^proximately 0. 1 5 m. 



/ 

1 006. The method of claifti 996, wherein heating the portion comprises applying 

electrical current to an electric heater disposed within the opening. 

25 / 

/ 

1007. The method of c^aim 996, wherein the pyrolysis zone is substantially adjacent to 

the heat source zone. • 
/ 

/ 

1008. The method ol claim 996, further comprising controlling a pressure and a 

30 temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
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pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

1 009. The method of claim 996, further comprising controlling the heat such that an 

5 average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

1010. The method of claim 996, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction./ 

/ 

10 1011. The method of claim 996, whereinAllowing heat to transfer comprises heating the 
portion such that a thermal conductivity pf at least a portion of the pyrolysis zone is 
greater than about 0.5 W/(m °C). 

1012. The method of claim 996, further comprising controlling a pressure within at least 
15 a majority of the pyrolysis zone, wperein the controlled pressure is at least about 2.0 bar 

absolute. 

1013. The method of claim 996, further comprising: 
providing hydrogen Qife) to the pyrolysis zone to hydrogenate hydrocarbons 

20 within the pyrolysis zone; and 

heating a portion of tne pyrolysis zone with heat from hydrogenation. 

1014. The method of claim 996, wherein allowing the heat to transfer comprises 
increasing a permeability/of a majority of the pyrolysis zone to greater than about 1 00 

25 millidarcy. 

1015. The method of claim 996, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 



30 1016. The method o: 
than about 60 % by w 



claim 996, further comprising controlling the heat to yield greater 
eight of condensable hydrocarbons, as measured by Fischer Assay. 
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1017. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

5 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; / 
producing a mixture from the formation; ^nd 

maintaining an average temperature within the selected section above a minimum 
pyrolysis temperature and below a vaporization temperature of hydrocarbons having 
10 carbon numbers greater than 25 to inhibit production of a substantial amount of 
hydrocarbons having carbon numbers greater than 25 in the mixture. 

1018. The method of claim 1017, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 

15 sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1019. The method of claim 101#, wherein maintaining the average temperature within 
the selected section comprises ijftaintaining the temperature within a pyrolysis 

20 temperature range. 

1 020. The method of claim/l 0 1 7, wherein the one or more heat sources comprise 
electrical heaters. 

25 1 02 1 . The method of clajm 1017, wherein the one or more heat sources comprise 
surface burners. 

1 022. The method of c|aim 1017, wherein the one or more heat sources comprise 
flameless distributed copibustors. 

30 
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1023. The method of claim 1017, wherein the one or more heat sources comprise natural 
distributed combustors. 

1024. The method of claim 1017, wherein the minimum pyrolysis temperature is greater 
5 than about 270 °C. 

/ 

/ 

1025. The method of claim 1017, wherein the vaporization temperature is less than 
approximately 450 °C at atmospheric pressure. 



/ 

10 1026. The method of claim 1017, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

a function of pressure. j 

i 

: 
I 

f 

1 5 1 027. The method of claim 1017, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 



pyrolysis. j 

j 

1028. The method of claim 1017, wherein providing heat from the one or more heat 
20 sources to at least the portion of formation comprises: 

heating a selected volume tV) of the coal formation from the one or more heat 
sources, wherein the formation his an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
25 wherein Pwr is calculated by tpe equation: 
Pwr = h+V+C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

30 
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1 029. The method of claim 1017, wherein allowing the to transfer comprises 

/ / 

transferring heat substantially by conduction. / 

// 

1 030. The method of claim 1017, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 



1 03 1 . The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least/about 25°. 

1 032. The method of claim 1017, wherein jftie produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



15 1 03 3 . The method of claim 1017, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1034. The method of claim 1017, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, whe/ein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is lefes than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0 X)0 1 . 

1 035. The method of claim 1017, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1 036. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and whefein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensame hydrocarbons is oxygen. 
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1 037. The method of claim 1017. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur/ 

/ 

/ 

1 038. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containipg compounds, and wherein the oxvgen 

/ 

containing compounds comprise phenols. 



10 1039. The method of claim 101 7, jvherein the produced mixture comprises condensable 
hydrocarbons, and wherein greate/ than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1040. The method of claim 1/017, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 04 1 . The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and whe/ein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are aspnaltenes. 

1042. The method hi claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and /Wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

25 

1043. The method of claim 1017, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hyfdrogen is greater than about 10 % by volume of the non-condensable 
component, arid wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1 044. The method of claim 101 7» wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 

1 045. The method of claim 1017, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1 046. The method of claim 1017, further comprising controlling a pressure within at 
least a majority of the selected section of th^ formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

10 

1047. The method of claim 1017, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H: 
within the mixture is greater than about 0.5 bar. 

1 5 1 048. The method of claim 1047, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 



20 



25 



1049. The method of claim IrOl 7, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1050. The method of claiin 1017, further comprising: 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1051. The method df claim 1017, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



365 



Conlcv, Rose & Tayon. P C 



1052. The method of claim 1017, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 



millidarcy. 



/ 



1053. The method of claim 1017, wherein allowin^the heat to transfer comprises 
substantially uniformly increasing a permeability o^a majority of the selected section. 



10 



1 054 . The method of claim 1017, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1055. The method of claim 1017, where/n producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production weLI. 



15 1 056. The method of claim 1 01 7yfurther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



20 1 057. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in tl^e formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1058. A method of treating a coal formation in situ, comprising: 

providing ^ieat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
30 section of the formation; 



25 
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controlling a pressure within the formation to inhibit production of hydrocarbons 
from the formation having carbon numbers greater than 25; and 
producing a mixture from the formation. 

1059. The method of claim 1058, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 



10 1 060. The method of claim 1 058, whereii/ the one or more heat sources comprise 



15 



electrical heaters. / 

/ 



1061 . The method of claim 1058, wherein the one or more heat sources comprise 



surface burners. 



1 062. The method of claim 1 058, /vherein the one or more heat sources comprise 
flameless distributed combustors. ' 



1063. The method of claim 10,58, wherein the one or more heat sources comprise natural 
20 distributed combustors. 

1 064. The method of clainy 1 058, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function oy temperature, or the temperature is controlled as a function of 

25 pressure. 

1065. The method of claim 1064, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

30 
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1 066. The method of claim 1 058, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 



5 1 067. The method of claim 1 058, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

10 wherein heating energy/day provided to the volume is equal to or less than Pwr. 



Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation buly density , and wherein the heating rate is less than about 1 0 

15 °C/day. / 

1068. The method of claim 1058, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

20 1 069. The method of /claim 1 058, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the/selected section is greater than about 0.5 W/(m °C). 

1070. The method of claim 1058, wherein the produced mixture comprises condensable 
25 hydrocarbons haying an API gravity of at least about 25°. 

1071. The mepod of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, /and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable Hydrocarbons are olefins. 



pyrolysis. 



wherein Pwr is calculated by the equation: 



30 
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1072. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 

5 1 073. The method of claim 1 058, wherein the p/oduced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about p.\ 5, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

10 1074. The method of claim 1058. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 075. The method of claim 1 058/ wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



20 



1076. The method of claim A 058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



25 



1 077. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise/ oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



30 



1078. The method of claim 1058, wherein the produced mixture comprises condensable 



hydrocarbons, and \\ 



hydrocarbons are aromatic compounds 



lerein greater than about 20 % by weight of the condensable 
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1 079. The method of claim 1 058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more/than two rings. 

5 1 080. The method of claim 1 058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1081. The method of claim 1 058, wherein th/ produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkane/. 



1082. The method of claim 1058, wherein the produced mixture comprises a non- 
condensable component, wherein the n6n-condensable component comprises hydrogen, 

1 5 wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

1083. The method of claim 105$, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about jf).05 % by weight of the produced mixture is ammonia. 

1084. The method of claim 1058, wherein the produced mixture comprises ammonia, 
and wherein the ammonia isAised to produce fertilizer. 



25 1085. The method of claim 1058, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1086. The method of c 
30 produce a mixture of condensable 
within the mixture is 



aim 1058. further comprising controlling formation conditions to 
hydrocarbons and H2, wherein a partial pressure of H2 
grfeater than about 0.5 bar. 



370 



Conlev. Rose & Tayon. P C 




1 087. The method of claim 1086, wherein the partial pressure of H 2 is measured when 
the mixture is at a production well. 

5 1088. The method of claim 1058, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1 089. The method of claim 1 058, further comprising: 

providing hydrogen (H 2 ) to the hea/ed section to hydrogenate hydrocarbons 
10 within the section; and / 

heating a portion of the section Mdth heat from hydrogenation. 

1090. The method of claim 1058, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the? method further comprising hydrogenating a portion of 

15 the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1091 . The method of claim 1058, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

20 / 

1092. The method of claim 1058, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1093. The method oy claim 1058, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1094. The method/of claim 1058. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

30 

\ 
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1 095. The method of claim 1 058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

5 

1 096. The method of claim 1 058, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and ^wherein a plurality of the units are repeated 

10 over an area of the formation to form a repetitive pattern of units. 

1 097. A method of treating a coal formation in situ, comprising: 
providing heat from one or q/ore heat sources to at least a portion of the 

formation; / 
1 5 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; and / 

producing a mixture fi£>m the formation, wherein the produced mixture comprises 
condensable hydrocarbons,^nd wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 



1 098. The method of claim 1 097, wherein the one or more heat sources comprise at 
least two heat sources, And wherein superposition of heat from at least the two heat 
sources pyrolyzes at ]pas\ some hydrocarbons within the selected section of the 
formation. 

1099. The metho/d of claim 1097, wherein the one or more heat sources comprise 
electrical heaters/ 



1 1 00. The method of claim 1 097, wherein the one or more heat sources comprise 
30 surface burners. 



372 



Conlev. Rose & Tayon. P C 



1101. The method of claim 1097, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 102. The method of claim 1097, wherein the one or more heat sources comprise natural 
5 distributed combustors. 

1 103. The method of claim 1097, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

1 0 a function of pressure. 



15 




1 104. The method of claim 1097, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 



range. 



1 1 05. The method of claim 1097, furtl/er comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

20 1 1 06. The method of claim 1097/ wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volumfe (I 7 ) of the coal formation from the one or more heat 
. sources, wherein the formation/has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
25 wherein heating energy/day provided to the volume is equal to or less than Pmt, 

wherein Pwr is calculated \fy the equation: 
p wr = h*V*C v *p Bj 

wherein Pwr is tht heating energy/day, h is an average heating rate of the 
formation, p B is formaticjfe bulk density, and wherein the heating rate is less than about 1 0 
30 °C/dav. 
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1 1 07. The method of claim 1 097, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1108. The method of claim 1 097, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0,5 W/(m °C). 

1 1 09. The method of claim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about/25°. 

1110. The method of claim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by wei^ght to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

/ 

15 1111. The method of claim 1 097, wherei/the produced mixture comprises non- 



10 



condensable hydrocarbons, and whereiryabout 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



1112. The method of claim 1 097, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less' than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

1113. The method of claim 1 097, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein Jess than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1114. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. 
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1115. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 1116. The method of claim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

/ 

containing compounds comprise phenols. / 

/ 

10 1117. The method of claim 1 097, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein greater than about^O % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1118. The method of claim 1097, wherein the produced mixture comprises condensable 
1 5 hydrocarbons, and wherein less than ahK)ut 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

1119. The method of claim 1 097/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 03 % by weight of the condensable 

20 hydrocarbons are asphaltenes. / 

1 120. The method of claim k 097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein About 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons/are cycloalkanes. 

25 / 

1121. The method of cFaim 1 097, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherkn the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1 122. The method of claim 1097, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 123. The method of claim 1097, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 



10 



1 124. The method of claim 1097, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 125. The method of claim 1097, further comprisingxontrolling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. / 

/ 
/ 

15 1 1 26. The method of claim 1 1 25, wherein tHe partial pressure of H 2 is measured when 
the mixture is at a production well. / 

1127. The method of claim 1 097, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about 25. / 

/ 
/ 

1 128. The method of claim 1097, wherein controlling formation conditions comprises 

recirculating a portion of hydrogen from the mixture into the formation. 

/ 

/ 

/ 

25 1129. The method of clairh 1 097, further comprising: 

providing hydrogeta (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and j 

heating a portion of the section with heat from hydrogenation. 
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1 1 30. The method of claim 1 097, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1131. The method of claim 1 097, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

10 1132. The method of claim 1 097, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability/of a majority of the selected section. 

1 133. The method of claim 1097, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

15 

1 134. The method of claim 1097, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

20 1 135. The method of claim 1097/further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular/pattern. 



25 



30 



1 136. The method of clainy 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1137. A method of treating a coal formation in situ, comprising: 
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heating a section of the formation to a pyrolysis temperature from at least a first 
heat source, a second heat source and a third heat source, and wherein the first heat 
source, the second heat source and the third heat source are located along a perimeter of 
the section; 

controlling heat input to the first heat source, the second heat source and the third 
heat source to limit a heating rate of the section to a rate configured to produce a mixture 
from the formation with an olefin content of less than ab<£ut 1 5% by weight of 
condensable fluids (on a dry basis) within the produced mixture; and 

producing the mixture from the formation thnmgh a production well. 

1 138. The method of claim 1137, wherein superposition of heat form the first heat 
source, second heat source, and third heat sou/ce pyrolyzes a portion of the hydrocarbons 
within the formation to fluids 



15 11 39. The method of claim 1 137, wherein the pyrolysis temperature is between about 
270 °C and about 400 °C. 

1 140. The method of claim 1137, ^herein the first heat source is operated for less than 
about twenty four hours a day. 

20 

1141. The method of claim 1 lp7, wherein the first heat source comprises an electrical 
heater. 

1 142. The method of clain^ 1 137, wherein the first heat source comprises a surface 
25 burner. 

1 143. The method of cl^im 1 137, wherein the first heat source comprises a flameless 
distributed combustor. 

30 1 144. The method of dlaim 1137, wherein the first heat source, second heat source and 
third heat source are positioned substantially at apexes of an equilateral triangle. 
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1 145. The method of claim 1 137, wherein the production well is located substantially at 
a geometrical center of the first heat source, second heat source, and third heat source. 

5 1 146. The method of claim 1 137. further comprisingja fourth heat source, fifth heat 
source, and sixth heat source located along the perimeter of the section. 

1 147. The method of claim 1 146, wherein the heat sources are located substantially at 
apexes of a regular hexagon. 

10 . 

1 148. The method of claim 1 147, wherein/ihe production well is located substantial!}' at 
a center of the hexagon. / 

/ 

1 149. The method of claim 1137, further comprising controlling a pressure and a 
1 5 temperature within at least a majority of the section of the formation, wherein the 

pressure is controlled as a function^ temperature, or the temperature is controlled as a 
function of pressure. 

1 150. The method of claim 1 wherein controlling the temperature comprises 
20 maintaining the temperature yithin the selected section within a pyrolysis temperature 

range. 

1151. The method of claim 1137, further comprising controlling the heat such that an 
average heating rate of thfe section is less than about 3 °C per day during pyrolysis. 



25 



1 1 52. The method of claim 1137, further comprising controlling the heat such that an 
average heating rate oflthe section is less than about 1 °C per day during pyrolysis. 



1153. The method o 
30 sources to at least the 



claim 1137, wherein providing heat from the one or more heat 
portion of formation comprises: 
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heating a selected volume ( V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected ^lume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than /Vr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B / 

wherein Pwr is the heating energy/day, p is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/dav. / 

/ 

1 1 54. The method of claim 1 137, wherein heating the section of the formation 

comprises transferring heat substantially by conduction. 

/ 
/ 

1 1 55. The method of claim 1 137/wherein providing heat from the one or more heat 
15 sources comprises heating the section such that a thermal conductivity of at least a 

portion of the section is greater/than about 0.5 W/(m °C). 

/ 



10 



1 1 56. The method of clain/l 137, wherein the produced mixture comprises condensable 

/ 

hydrocarbons having an I gravity of at least about 25°. 
20 / 

1 1 57. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

/ 

25 1 1 58. The methocj'of claim 1137, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 



ethane is greater 



than about 0.001. 



v 
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1 1 59. The method of claim 1 137. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 1 1 60. The method of claim 1137, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is oxygen. 

1161. The method of claim 1137, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by ^eight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. / 

/ 

1 1 62. The method of claim 1137, wherein thp produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight/to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing/compounds, and wherein the oxygen 
containing compounds comprise phenols/ 



15 



1 163. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater tnan about 20 % by weight of the condensable 
20 hydrocarbons are aromatic compounds. 



1 164. The method of claim 1 13/7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 5 % by weight of the condensable 
hydrocarbons comprises multi/ring aromatics with more than two rings. 



25 



1165. The method of claiitf 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



v 
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1 1 66. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 1 1 67. The method of claim 1137, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

10 

1 168. The method of claim 1137, whereinthe produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 

1 169. The method of claim 1 137, wtierein the produced mixture comprises ammonia, 
1 5 and wherein the ammonia is used^tc^produce fertilizer. 

1 1 70. The method of claim 1 1 ^/7, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

20 / 

1171. The method of claim 1137, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

25 1 1 72. The method of /claim 1171, wherein the partial pressure of H 2 is measured when 
the mixture is at a prqduction well. 



1 1 73 . The method bf claim 1137, further comprising altering a pressure within the 
formation to inhibit/production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25. 
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1 1 74. The method of claim 1137, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

t' 

1 175. The method of claim 1 137, further comprising: / 

5 providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and / 

heating a portion of the section with heat from hydrogenation. 



1176. The method of claim 1137, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 



10 



15 



the produced condensable hydrocarbons wim at least a portion of the produced hydrogen. 

1 1 77. The method of claim 1137, heatir/g the section comprises increasing a 
permeability of a majority of the section to greater than about 100 millidarcy. 

1 1 78. The method of claim 1137, wherein heating the section comprises substantially 
uniformly increasing a permeability of a majority of the section. 



1 1 79. The method of claim 1 1 37, further comprising controlling the heat to yield greater 
20 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 1 80. The method of clairri 1 137, wherein producing the mixture comprises producing 

. the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



25 



1181. The method of caaim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



30 
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1 1 82. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

5 over an area of the formation to form a repetitive pattern of units. 

/ 

1 1 83. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heaj sources to at least a portion of the 

formation; 

10 allowing the heat to transfer from/the one or more heat sources to a selected 

section of the formation; and / 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

1 1 84. The method of claim 1 1^3, wherein the one or more heat sources comprise at 
least two heat sources, and wtjferein superposition of heat from at least the two heat 
sources pyrolyzes at least soihe hydrocarbons within the selected section of the 
formation. ' 



15 



electrical heaters. 



20 

1185. The method of cl^m 1 1 83, wherein the one or more heat sources comprise 

/ 

/ 

1 1 86. The method of/claim 1 1 83, wherein the one or more heat sources comprise 
25 surface burners. 



/ 

t 
i 

1 1 87. The method of claim 1 1 83, wherein the one or more heat sources comprise 
flameless distributed combustors. 

30 1 1 88. The meth/d of claim 1183, wherein the one or more heat sources comprise natural 
distributed combjustors. 
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1 1 89. The method of claim 1 1 83, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



10 



1 1 90. The method of claim 1189, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. / 



1191. The method of claim 1183, further comprising controlling the heat such that an 
average heating rate of the selected sectym is less than about 1 °C per day during 
pyrolysis. 



15 1 1 92. The method of claim 1 1 83, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (f) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
20 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by thjf equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the healing energy/day, h is an average heating rate of the 
formation, p B is formation bul^c density, and wherein the heating rate is less than about 10 
25 °C/day. 



1 193. The method of clairtf 1 183, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1 1 94. The method of claim 1 1 83, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

A 

5 1 1 95. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least afbout 25°. 

1 1 96. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1 1 97. The method of claim 1183, whferein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



10 



15 



20 




/ 



1 1 98. The method of claim 1 1 88, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0A)01 . 

1 199. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



25 



30 



1200. The method of cyaim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and whei/ein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1201. The method oflclaim 
hvdrocarbons, whereir 



1 1 83, wherein the produced mixture comprises condensable 
about 5 % by weight to about 30 % by weight of the condensable 
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10 



15 



20 



25 



hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 202. The method of claim 1183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1203. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

/ 

1204. The method of claim 1 183, wherein t^e produced mixture comprises condensable 
hydrocarbons, and wherein less than about j/.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1205. The method of claim 1183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1206. The method of claim 1 183, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the pydrogen is less than about 80 % by volume of the non- 
condensable component. 

1 207. The method of claiin 1183, wherein the produced mixture comprises ammonia, 
and wherein greater than 4bout 0.05 % by weight of the produced mixture is ammonia. 



1208. The method of ciaim 1 1 83, wherein the produced mixture comprises ammonia, 
30 and wherein the ammortf a is used to produce fertilizer. 
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1209. The method of claim 1 183, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

5 1210. The method of claim 1183, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H: 
within the mixture is greater than about 0.5 bar. 

f 

1211. The method of claim 1211, therein the partial pressure of H2 is measured when 
10 the mixture is at a production well/ 



15 



/ 



1212. The method of claim 1 1^83, further comprising altering a pressure within the 
formation to inhibit product 
numbers greater than about 



formation to inhibit production of hydrocarbons from the formation having carbon 



1213. The method of claim 1183, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1214. The method of d laim 1 1 83, further comprising: 
20 providing hydrpgen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; 

heating a portion of the section with heat from hydrogenation. 

1215. The method of claim 1183, wherein the produced mixture comprises hydrogen 

25 and condensable Bydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1216. The metfhod of claim 1 183, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 

30 millidarcy. 
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1217. The method of claim 1 183, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1218. The method of claim 1183, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



10 



15 



20 



1219. The method of claim 1 1 83, wherein producing the mixture comprises producing 
the mixture in a production well, and ^herein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 220. The method of claim 1 1 &3, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 22 1 . The method of cl&im 1183, further comprising providing heat from three or more 
heat sources to at least k portion of the formation, wherein three or more of the heat 
sources are located iiythe formation in a unit of heat sources, wherein the unit of heat 
sources comprises a/triangular pattern, and wherein a plurality of the units are repeated 
over an area of ^information to form a repetitive pattern of units. 



25 



30 



1222. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

alloWing the heat to transfer from the one or more heat sources to a selected 
section of tne formation; and 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 
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1 223 . The method of claim 1 222, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

5 

1224. The method of claim 1222, wherein the one or m^re heat sources comprise 
electrical heaters. 

1 225 . The method of claim 1 222, wherein the one/or more heat sources comprise 
10 surface burners. 

1226. The method of claim 1222, wherein th^ one or more heat sources comprise 
flameless distributed combustors. / 

/ 

1 5 1 227. The method of claim 1 222, wherein the one or more heat sources comprise natural 
distributed combustors. / 

/ 

1228. The method of claim 1222,^irther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

20 the pressure is controlled as a function of temperature, or the temperature is controlled as 

a function of pressure. / 

/ 
/ 

/ 

1 229. The method of clain/l 228, wherein controlling the temperature comprises 
maintaining the temperatui/e within the selected section within a pyrolysis temperature 

25 range. 



1230. The method of c/laim 1222, further comprising controlling the heat such that an 
average heating rate oy the selected section is less than about 1 °C per day during 
pyrolysis. 

30 
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1231. The method of claim 1 222, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal/io or less than Pwr. 
wherein Pwr is calculated by the equation: / 



wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. / 

1232. The method of claim 1222, wherein allowingyflie heat to transfer comprises 
transferring heat substantially by conduction. / 

1 233. The method of claim 1222, wherein providing heat from the one or more heat 
sources comprises heating the selected sectioivsuch that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1234. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1235. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0/1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1236. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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1237. The method of claim 1222, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

5 

1238. The method of claim 1222, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by weight/ when calculated on an atomic 

/■ 

basis, of the condensable hydrocarbons is nitrogen. j 

10 1239. The method of claim 1 222, wherein the proceed mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by' weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons is oxygeh. 

/ 

/ 
/ 

1240. The method of claim 1222, wherein^tfie produced mixture comprises condensable 

15 hydrocarbons, and wherein less than abou/l % by weight, when calculated on an atomic 

/ 

basis, of the condensable hydrocarbons \i sulfur. 

r 

I 

f 

1241. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % bj weight to about 30 % by weight of the condensable 

20 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise yphenols. 

/ 

1242. The method of claim 1^22, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

25 hydrocarbons are aromatic compounds. 

1243. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

30 
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1244. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 1245. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1246. The method of claim 1222, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about w % by volume of the non -condensable 
component, and wherein the hydrogen is l^ss than about 80 % by volume of the non- 
condensable component. 

15 1247. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.0 y% by weight of the produced mixture is ammonia. 

1248. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is us^fd to produce fertilizer. 

20 

1249. The method of claim 1222, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 

. is at least about 2.0 bar absolute. 

25 1250. The method of claim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2) wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

1 25 1 . The method of Jblaim 1 250, wherein the partial pressure of H 2 is measured when 
30 the mixture is at a production well. 
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1252. The method of claim 1222, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

5 1253. The method of claim 1222, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

/ 

1 254. The method of claim 1222, further comprising/ 
providing hydrogen (H2) to the heated secti^ to hydrogenate hydrocarbons 

10 within the section; and 

heating a portion of the section with healf from hydrogenation. 

1255. The method of claim 1222, wherein/the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 

15 the produced condensable hydrocarbons/with at least a portion of the produced hydrogen. 

/ 

1256. The method of claim 1222, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

20 

1257. The method of claim 1222, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1258. The method of claip 1 222, further comprising controlling the heat to yield greater 
25 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

1259. The method ofplaim 1222, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for eacp production well. 

30 
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1260. The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. { 

1261. The method of claim 1 222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1262. A method of treating a coal formatio^ in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

producing a mixture from the/formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 

r 

on an atomic basis, of the condensable hydrocarbons is sulfur. 

/ 

1263. The method of claim 1262, wherein the one or more heat sources comprise at 
least two heat sources, and whprein superposition of heat from at least the two heat 
sources pyrolyzes at least sorjie hydrocarbons within the selected section of the 

1264. The method of claiin 1262, wherein the one or more heat sources comprise 
electrical heaters. 



30 



1 265 . The method of c 
surface burners. 



aim 1262, wherein the one or more heat sources comprise 
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1266. The method of claim 1262, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1267. The method of claim 1262, wherein the one or more heat sources comprise natural 
5 distributed combustors. 

1 268. The method of claim 1 262, further comprising^ontrolling a pressure and a 
temperature within at least a majority of the selected/section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 



10 



15 



a function of pressure. 



/ 



1269. The method of claim 1268, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. 

1270. The method of claim 1262, further comprising controlling the heat into such that 
an average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



20 



25 



30 



1271 . The method of claim 1262 1 , wherein providing heat from the one or more heat 
sources to at least the portion of /formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated py the equation: 

Pwr = h*V*C x *p B 

wherein Pwr is the! heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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1272. The method of claim 1262, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1273. The method of claim 1262, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

1274. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least abc^iit 25°. 

1275. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 



15 1 276. The method of claim 1 262, wherepi the produced mixture comprises non- 
condensable hydrocarbons, and wherein/about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons pe olefins. 

1277. The method of claim 1262, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is lesythan about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . 

1278. The method of claim /262, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1279. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable hydrocarbons is oxygen. 
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1280. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

5 

1281 . The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 //o by weight of the condensable 
hydrocarbons are aromatic compounds. 

10 1282. The method of claim 1262, wherein #ie produced mixture comprises condensable 
hydrocarbons, and wherein less than about^ % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

/ 
/ 

1283. The method of claim 1262, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than/about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. j 

I 

1284. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein abp'ut 5 % by weight to about 30 % by weight of the 

20 condensable hydrocarbons ar^ cycloalkanes. 

/ 

1285. The method of cWn 1262, wherein the produced mixture comprises a non- 
condensable component, /wherein the non-condensable component comprises hydrogen, 

/ 

wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

/ 

25 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1286. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

30 
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1287. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1288. The method of claim 1262, further comprising controlling a pressure within at 

5 least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

/ 

1289. The method of claim 1262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons ana H2, wherein a partial pressure of H 2 

10 within the mixture is greater than about 0.5 bar. j 

1 

1290. The method of claim 1289, wherein tlje partial pressure of H 2 is measured when 
the mixture is at a production well. j 



15 1291. The method of claim 1 262, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



30 



/ 



1292. The method of claim 1262,/wherein controlling formation conditions comprises 

20 recirculating a portion of hydrogen from the mixture into the formation. 

/ 



1 293 . The method of claim 1 £62, further comprising: 



providing hydrogen (ffe) to the heated section to hydrogenate hydrocarbons 
within the section; and j 
25 heating a portion of .the section with heat from hydrogenation. 



1 294. The method of claim 1 262, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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1295. The method of claim 1262, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

5 1 296. The method of claim 1 262, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

/ 

1297. The method of claim 1262, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

1298. The method of claim 1262, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

/ 

1 5 1 299. The method of claim 1 262, furmer comprising providing heat from three or more 
heat sources to at least a portion of tMe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

20 1300. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fonnation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formapon to form a repetitive pattern of units. 

25 

1301. A method of treating a coal fonnation in situ, comprising: 

raising a temperature of a first section of the formation with one or more heat 

sources to a first pyrolysis temperature; 

heating the first section to an upper pyrolysis temperature, wherein heat is 
30 supplied to the first/section at a rate configured to inhibit olefin production; 
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producing a first mixture from the formation, wherein the first mixture comprises 
condensable hydrocarbons and H2; 

creating a second mixture from the first mixture, wherein the second mixture 
comprises a higher concentration of H2 than the first mixture; 

raising a temperature of a second section of the formation with one or more heat 



sources to a second pyrolysis temperature; 



providing a portion of the second mixture to the second section; 
heating the second section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section at a rate configured to inhibit olefin production; and 
10 producing a third mixture from the second section. 

1 302. The method of claim 1301, wherein/creating the second mixture comprises 
removing condensable hydrocarbons fronythe first mixture. 

15 1 303 . The method of claim 1301, wherein creating the second mixture comprises 
removing water from the first mixture/ 

1 304. The method of claim 1301, wherein creating the second mixture comprises 
removing carbon dioxide from th^first mixture. 

20 

1305. The method of claim 13/)1, wherein the first pyrolysis temperature is greater than 
about 270 °C. 

1 306. The method of clain/ 1 301 , wherein the second pyrolysis temperature is greater 
25 than about 270 °C. 

1 307. The method of cl^im 1301, wherein the upper pyrolysis temperature is about 500 



30 1 308. The method of /claim 1301, wherein the one or more heat sources comprise at 
least two heat sources/ and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the first or second selected section 
of the formation. 

1 309. The method of claim 1 301, wherein the one or more heat sources comprise 
5 electrical heaters. 



1310. The method of claim 1301, wherein the one or more heat sources comprise 
surface burners. 



10 1311. The method of claim 1301, wherein the one/or more heat sources comprise 

flameless distributed combustors. 

/ 

/ 

/ 

1312. The method of claim 1 301 , wherein tfye one or more heat sources comprise natural 

distributed combustors. j 

1313. The method of claim 1301, further comprising controlling a pressure and a 
temperature within at least a majority o/the first section and the second section of the 

lire 



15 



20 



formation, wherein the pressure is controlled as a function of temperature, or the 
temperature is controlled as a functic^i of pressure. 



1314. The method of claim 1301/ further comprising controlling the heat to the first and 
second sections such that an average heating rate of the first and second sections is less 
than about 1 °C per day during pyrolysis. 



25 1315. The method of claim 1G01 , wherein heating the first and the second sections 
comprises: / 

heating a selected volume (F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 



30 wherein heating en 

wherein Pmt is calculated 



?rgy/day provided to the volume is equal to or less than Pwr, 
by the equation: 



\ 
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p wr = h * v +c v * PB 

wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

5 

1316. The method of claim 1301, wherein heating the first and second sections 
comprises transferring heat substantially by conduction. / 

i 

1317. The method of claim 1301, wherein heating tjie first and second sections 
10 comprises heating the first and second sections sucl^that a thermal conductivity of at least 



a portion of the first and second sections is greate/ than about 0.5 W/(m °C). 

/ 

1318. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

/ 

1319. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are plefins. 



20 1 320. The method of claim 1 301y(vherein the first or third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1321. The method of claim 1/301, wherein the first or third mixture comprises 

/ 

25 condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

/ 

1 322. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbon^ and wherein less than about 1 % by weight, when calculated 

30 on an atomic basis, of the condensable hydrocarbons is oxygen. 
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1323. The method of claim 1 30 1 . wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

5 1 324. The method of claim 1301, wherein the first or ^nird mixture comprises 

condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenol? 

10 1325. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein gjfeater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

1326. The method of claim 1 301 , wherein the first or third mixture comprises 
15 condensable hydrocarbons, and wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



20 



1327. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, arid wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 



25 



1328. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbohs, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 

1329. The method of claim 1301, wherein the first or third mixture comprises a non- 
condensable component, and wherein the non-condensable component comprises 
hydrogen, and whecbin the hydrogen is greater than about 10 % by volume of the non- 
condensable component and wherein the hydrogen is less than about 80 % by volume of 

e component. 



30 the non-condensab 



v 
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1 330. The method of claim 1 301 , wherein the first or third mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1331. The method of claim 1301, wherein the first or third mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1 332. The method of claim 1 301 , further comprising controlling a pressure within at 
least a majority of the first or second sections of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. / 1 

10 / 

1333. The method of claim 1301, further/comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about/0.5 bar. 

1 5 1 334. The method of claim 1333, wherein the partial pressure of Ho within a mixture is 
measured when the mixture is at a production well. 

1335. The method of claim 1301r, further comprising altering a pressure within the 
formation to inhibit production off hydrocarbons from the formation having carbon 

20 numbers greater than about 25./ 

1336. The method of claim k 3 0 1 , further comprising : 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section; and 
25 heating a portion of the first or second section with heat from hydrogenation. 

1337. The method of claim 1301, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
30 portion of the produced hydrogen. 
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1 338. The method of claim 1 301 , further comprising increasing a permeability of a 
majority of the first or second section to greater than about 100 millidarcy. 

1339. The method of claim 1301, further comprising substantially uniformly increasing 
5 a permeability of a majority of the first or second section. / 

1340. The method of claim 1301 , wherein the heating is coj^trolled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

10 1341. The method of claim 1301. wherein producing the first or third mixture comprises 
producing the first or third mixture in a production well, and wherein at least about 7 heat 

sources are disposed in the formation for each production well. 

/ 

1 342. The method of claim 1301 , further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit qf heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1343. The method of claim 1301 , further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a/unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 1 344. A method of treating a coal formation in situ, comprising: 

providing heat from one or rpore heat sources to at least a portion of the 
formation; 

allowing the heat to transfef from the one or more heat sources to a selected 
section of the formation; 
30 producing a mixture from ihe formation: and 
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hydrogenating a portion of the produced mixture with H2 produced from the 
formation. 

1345. The method of claim 1344, wherein the one or more heat sources comprise at 
5 least two heat sources, and wherein superposition of heat from af least the two heat 

sources pyrolyzes at least some hydrocarbons within the sele^ed section of the 
formation. 

1 346. The method of claim 1 344, further comprising maintaining a temperature within 
10 the selected section within a pyrolysis temperature rarfge. 

1347. The method of claim 1 344, wherein the orje or more heat sources comprise 
electrical heaters. 

1 5 1 348. The method of claim 1 344, wherein the one or more heat sources comprise 
surface burners. 

1349. The method of claim 1344, whe/ein the one or more heat sources comprise 
flameless distributed combustors. 

20 

1350. The method of claim 1344,y\vherein the one or more heat sources comprise natural 
distributed combustors. 

1351. The method of claim l#44, further comprising controlling a pressure and a 
25 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled a^a function of temperature, or the temperature is controlled as 
a function of pressure. 

1352. The method of claim 1344, further comprising controlling the heat such that an 
30 average heating rate of pie selected section is less than about 1 °C per day during 

pyrolysis. 
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1353. The method of claim 1 344, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
5 sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected/volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pmt is calculated by the equation: 

Pwr = h*V*C v *p B 

10 wherein Pwr is the heating energy/day, h iyan average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1354. The method of claim 1344, wherein flowing the heat to transfer comprises 
1 5 transferring heat substantially by conductior 

1355. The method of claim 1344, where/in providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greyer than about 0.5 W/(m °C). 

20 

1356. The method of claim 1344, Wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1357. The method of claim 1344, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein abouit 0.1 % by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. 

1358. The method of claim 1B44, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
30 condensable hydrocarbons ranges from about 0.001 to about 0.1 5. 
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1359. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 1 360. The method of claim 1 344. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1361 . The method of claim 1344, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by \yeight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

1 362. The method of claim 1344, wherein thef produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight/to about 30 % by weight of the condensable 

15 hydrocarbons comprise oxygen containing/compounds, and wherein the oxygen 
containing compounds comprise phenols; 

1363. The method of claim 1344, whprein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

20 hydrocarbons are aromatic compounds. 

1364. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



1365. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1366. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

i 1 

1 367. The method of claim 1 344, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by/volume of the non-condensable 
component, and wherein the hydrogen is less than/about 80 % by volume of the non- 
condensable component. 

1368. The method of claim 1344, wherein thfe produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by Weight of the produced mixture is ammonia. 



1 369. The method of claim 1 344, wherein the produced mixture comprises ammonia, 
1 5 and wherein the ammonia is used to produce fertilizer. 



20 



1370. The method of claim 1344, fiirther comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1371. The method of claim 13^4, further comprising controlling formation conditions to 
produce the mixture, wherein ^ partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



25 1 3 72. The method of claim 1 344, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



30 



1373. The method of c&laim 1 344, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than idbout 25. 
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1374. The method of claim 1 344, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



1 375 The method of claim 1 344, wherein allowing the heat to transfer comprises 

/ 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

10 1 376. The method of claim 1 344, wherein allowin^the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

/ 

f 

1377. The method of claim 1344, further comprising controlling the heat to yield greater 



15 



30 



than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1378. The method of claim 1344, wherein/producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well, j 

I 

20 1 379. The method of claim 1344, fuijther comprising providing heat from three or more 
heat sources to at least a portion of thfe formation, wherein three or more of the heat 
sources are located in the formation/in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

/ 
/ 

25 1 380. The method of claim 134£, further comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 



over an area of the formation to form a repetitive pattern of units. 
1381. A method of treating £ coal formation in situ, comprising: 
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heating a first section of the formation: 
producing H2 from the first section of formation; 
heating a second section of the formation; and 

recirculating a portion of the H2 from the first section into the second section of 
5 the formation to provide a reducing environment within the secpnd section of the 
formation. >' 

1 382. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. / 

1383. The method of claim 1381, wherein heatinfg the first section or heating the second 
section comprises heating with a surface burner; 

1384. The method of claim 1381, wherein Seating the first section or heating the second 
15 section comprises heating with a flameles/ distributed combustor. 

1385. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a natural distributed combustor. 

20 1 386. The method of claim 1381 /further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 

25 1387. The method of claim 1381, further comprising controlling the heat such that an 
average heating rate of the/first or second section is less than about 1 °C per day during 
pyrolysis. / 

1 388. The method of dlaim 1381, wherein heating the first section or heating the second 
30 section further comprises: 
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heating a selected volume (*0 of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume, is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B I 

wherein Pwr is the heating energy /day, h is ai/average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

1389. The method of claim 1381, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 



1 390. The method of claim 1381, whenein heating the first section or heating the second 
15 section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section is greater than about 0.5 W/(m °C). 



10 



1391. The method of claim 1381 /further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons 

20 having an API gravity of at leas/about 25°. 

1 392. The method of claim 1'38 1 , further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by we/ght to about 15 % by weight of the condensable hydrocarbons 

25 are olefins. j 

i 

1 393. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises non-condensable hydrocarbons, 
and wherein a molar ratio < 



30 ranges from about 0.001 



of ethene to ethane in the non-condensable hydrocarbons 
to about 0.15. 



\ 
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1 394. The method of claim 1 38 1 , further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

1 395. The method of claim 1381, further comprising producing a mixture from the 

second section, wherein the produced mixture comprises condensable hydrocarbons, and 

/ 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. j 

I 

1 396. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture /Comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, whei/ calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



1 397. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to abou0O % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 

20 comprise phenols. 

1398. The method of claim 1381/, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

25 compounds. 



1 399. The method of claim jf 38 1 , further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
30 ring aromatics with more ihzn two rings. 
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1 400. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes.- 

1 401 . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by we/ght of the condensable hydrocarbons 
are cycloalkanes. 



1 402. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
1 5 hydrogen is less than about 80 % by volume of the non-condensable component. 



1403. The method of claim 1381 , further comprising producing a mixture from the 
second section, wherein the produced' mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 



1 404. The method of claim 138^( further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein the 
ammonia is used to produce fertilizer. 



25 1 405 . The method of claim 1 j$ 8 1 , further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

1 406. The method of clain^l 381, further comprising controlling formation conditions to 
30 produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 
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1407. The method of claim 1406, wherein the partial pressure of H2 within a mixture is 
measured when the mixture is at a production well. 

1 408 . The method of claim 1381, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. ' 

1 409. The method of claim 1381, further comprising: 
providing hydrogen (H2) to the second section t<}/hydrogenate hydrocarbons 

within the section; and 

heating a portion of the second section with hpat from hydrogenation. 



1410. The method of claim 1381, further comprising: 
15 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produce^ condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1411. The method of claim 1381, wherein/ heating the first section or heating the second 
20 section comprises increasing a permeability of a majority of the first or second section, 

respectively, to greater than about 100 millidarcy. 



25 



1412. The method of claim 1381 , wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 



30 



1413. The method of claim 1381 , /further comprises controlling the heating of the first 
section or controlling the heat of tfte second section to yield greater than about 60 % by 
weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1414. The method of claim 1 38 L further comprising producing a mixture from the 
formation in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

i 

5 1415. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein tiuWor more of the heat 
sources are located in the formation in a unit of heat sources, pnd wherein the unit of heat 
sources comprises a triangular pattern. 

10 1416. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and whereinya plurality of the units are repeated 



15 



25 



30 



over an area of the formation to form a repetitive pattern of units. 

/ 

/ 



1417. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heatysources to at least a portion of the 
formation; 

allowing the heat to transfer from tjie one or more heat sources to a selected 
20 section of the formation; 

producing a mixture from the fo/mation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including Fh, wherein the partial 
pressure of H2 within the mixture is/greater than about 0.5 bar. 



1418. The method of claim 1417, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some^hydrocarbons within the selected section of the 
formation. / 
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1419. The method of claim 1417, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

5 1 420. The method of claim 1417, wherein the one or more heat sources comprise 
electrical heaters. / 

/ 

1 42 1 . The method of claim 1417, wherein the one or more ^ieat sources comprise 



10 



surface burners. j 



! 

i<5re 



1422. The method of claim 1417, wherein the one or mdre heat sources comprise 
flameless distributed combustors. / 



1423. The method of claim 1417, wherein the one of more heat sources comprise natural 

15 distributed combustors. / 

/ 

t 

/ 

1424. The method of claim 1417, further comprising controlling a pressure and a 

temperature within at least a majority of the selected section of the formation, wherein 

/ 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
20 a function of pressure. / 

1 425. The method of claim 1417, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

/ 

1 426. The method of claim 1417, wherein providing heat from the one or more heat 
sources to at least the portion of formatijn comprises: 

heating a selected volume (V) of/the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
30 pyrolyzes at least some hydrocarbons Xithin the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C y *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/day. 

1427. The method of claim 1417, wherein allowing the heat t^ transfer comprises 
transferring heat substantially by conduction. 

/ 

1428. The method of claim 1417, wherein providing he^from the one or more heat 
sources comprises heating the selected section such that/4 thermal conductivity of at least 
a portion of the selected section is greater than about Go W/(m °C). 



15 1 429. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1430. The method of claim 1417, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

20 condensable hydrocarbons are olefins. 

143 1 . The method of claim 1417, whereid the produced mixture comprises non- 
condensable hydrocarbons, and wherein A molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges fromabout 0.001 to about 0.15. 



25 



1432. The method of claim 1417, wHerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



419 



Conley. Rose & Tayon. P C 



1433. The method of claim 1417. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 1434. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfiir. 

1435. The method of claim 1417, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



1436. The method of claim 1417, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. / 

1437. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with^/ore than two rings. 

1438. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 Jo by weight of the condensable 
hydrocarbons are asphaltenes. 

25 

1439. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by wfeight to about 30 % by weight of the 

— — f 

30 1440. The method of claim 1417, wherein the produced mixture comprises a non- 
condensable component, wherein the nofn-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1441 . The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1442. The method of claim 1417, wherein the produced mixture Comprises ammonia. 

/ 

and wherein the ammonia is used to produce fertilizer. j 

i 

i 
f 

1443. The method of claim 1417, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute. / 

/ 

/ 

/ 

1444. The method of claim 1417, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from/the formation having carbon 
numbers greater than about 25. / 

/ 

1445. The method of claim 1417, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



1446. The method of claim 1417, further coiriprising: 
providing hydrogen (H 2 ) to the heatec^ section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with/heat from hydrogenation. 

1447. The method of claim 1417, further/comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least 

portion of the produced hydrogen. 
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1448. The method of claim 1417, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

5 1 449. The method of claim 1417, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of tne selected section. 

1 450. The method of claim 1417, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1451. The method of claim 1417, wherein producing the' mixture comprises producing 
the mixture in a production well, and wherein at least at/out 7 heat sources are disposed in 
the formation for each production well. / 

1 5 1 452. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of the formation; wherein three or more of the heat 
sources are located in the formation in a unit ov heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

20 1 453 . The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 / 

1 454. The method of claim 1 4 1 ll wherein the partial pressure of H2 within the mixture 
is measured when the mixture isat a production well. 

1455. A method of treating acoal formation in situ, comprising: 

30 providing heat from one or more heat sources to at least a portion of the 

formation; / 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure of the selected section above atmospheric pressure to 
increase a partial pressure of H 2 , as compared to the partial pressure of H 2 at atmospheric 
5 pressure, in at least a majority of the selected section; and / 

producing a mixture from the formation, wherein ihe produced mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

1456. The method of claim 1455, wherein the one or more heat sources comprise at 
10 least two heat sources, and wherein superposition df heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons witliin the selected section of the 
formation. 

1457. The method of claim 1455, further comprising maintaining a temperature within 
15 the selected section within a pyrolysis temperature range. 

1458. The method of claim 1455, wher/in the one or more heat sources comprise 
electrical heaters. 

20 1 459. The method of claim 1455, yherein the one or more heat sources comprise 
surface burners. 



25 



1460. The method of claim 145/5, wherein the one or more heat sources comprise 
flameless distributed combustor 

1461 . The method of claim 1/455, wherein the one or more heat sources comprise natural 
distributed combustors. 



1462. The method of claii 
30 temperature within at least 



1455, further comprising controlling the pressure and a 
majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1463. The method of claim 1455, further comprising controlling the heat such that an 
5 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. / 

/ 

1464. The method of claim 1455, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

] 0 heating a selected volume (V) of the coal formatio^ from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the yolume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
15 Pwr = h*V*C v +p B j 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and ^herein the heating rate is less than about 10 
°C/day. 

20 1465. The method of claim 1455, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1466. The method of claim 1455, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 

25 a portion of the selected section is greater than about 0.5 W/(m °C). 

1467. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

30 
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1468. The method of claim 1455, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

5 1469. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



25 




1470. The method of claim 1455, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight,/When calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. j 

I 
I 

1471 . The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by vteight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is sulfur, j 

1472. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight tc^4bout 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 

1473. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than aoout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 



1474. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than apout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring arpmatics with more than two rings. 



V 
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1475. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 1 476. The method of claim 1 455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1477. The method of claim 1455, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume/of the non-condensable 
component, and wherein the hydrogen is less than about ^0 % by volume of the non- 
condensable component. / 

15 1478. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1479. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

20 

1480. The method of claim 1455, further 
least a majority of the selected section of t 
is at least about 2.0 bar absolute. / 

25 1481. The method of claim 1455, fW ther comprising increasing the pressure of the 

selected section, to an upper limit of/about 21 bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from the formation. 

1482. The method of claim 1453, further comprising decreasing pressure of the selected 
30 section, to a lower limit of abouy atmospheric pressure, to increase an amount of 
condensable hydrocarbons produced from the formation. 



comprising controlling the pressure within at 
tie formation, wherein the controlled pressure 
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1483. The method of claim 1455, wherein the partial pressure comprises a partial 
pressure based on properties measured at a production well. 



5 1484. The method of claim 1455, further comprising altering, the pressure within the 
formation to inhibit production of hydrocarbons from the fojination having carbon 
numbers greater than about 25. 



1485. The method of claim 1455, further comprising/controlling formation conditions 
10 by recirculating a portion of hydrogen from the mixture into the formation. 



15 



1486. The method of claim 1455, further composing: 

providing hydrogen (H2) to the heated Section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section wittf heat from hydrogenation. 



1487. The method of claim 1455, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of tlje produced condensable hydrocarbons with at least a 
20 portion of the produced hydrogen. 



25 



1488. The method of claim 1455, wherein allowing the heat to transfer comprises 
increasing a permeability of a jnajority of the selected section to greater than about 1 00 
millidarcy. 

1489. The method of claim 1455, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1490. The method of claim 1455, further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1491 . The method of claim 1455. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

5 1 492. The method of claim 1 455, further comprising providing/heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat source^; and wherein the unit of heat 
sources comprises a triangular pattern. 

10 1493. The method of claim 1455, further comprising/providing heat from three or more 
heat sources to at least a portion of the formation, wnerein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

15 

1 494. A method of treating a coal formation in situ, comprising: 

providing heat from one or more tyeat sources to at least a portion of the 
formation; 

allowing the heat to transfer fr^m the one or more heat sources-to a selected 
20 section of the formation; 

providing H2 to the formatigfo to produce a reducing environment in at least some 
of the formation; 

producing a mixture fromf the formation. 

25 1495. The method of claim lf+94, wherein the one or more heat sources comprise at 
least two heat sources, and wnerein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. j 



30 1496. The method of clai 
the selected section within 



iii 



1494, further comprising maintaining a temperature within 
a pyrolysis temperature range. 



428 



Conley. Rose & Tayon. P C 



1497. The method of claim 1494, further comprising separating a portion of hydrogen 
within the mixture and recirculating the portion into the formation. 

5 1498. The method of claim 1494, wherein the one or more heat sources comprise 
electrical heaters. / 

1499. The method of claim 1494, wherein the one or j^ore heat sources comprise 
surface burners. 

10 

1 500. The method of claim 1494, wherein the ope or more heat sources comprise 
flameless distributed combustors. 

1501 . The method of claim 1494, wherein J&e one or more heat sources comprise natural 
1 5 distributed combustors . 



20 



1 502. The method of claim 1494, furthfer comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



25 



30 



1 503. The method of claim 1494, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1 504. The method of claim/ 1 494, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected \|blume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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25 



wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr = h*V+C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/dav. 



1 505. The method of claim 1494, wherein allowing jhe heat to transfer comprises 
transferring heat substantially by conduction. 




1 506. The method of claim 1494, wherein providing heat from the one or more heat 
sources comprises heating the selected section saich that a thermal conductivity of at least 
a portion of the selected section is greater thai/ about 0.5 W/(m °C). 

/ 

1 5 1 507. The method of claim 1494, whereii^ the produced mixture comprises condensable 

hydrocarbons having an API gravity of at/least about 25°. 

/ 
/ 

1508. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0Aj% by weight to about 15 % by weight of the 

20 condensable hydrocarbons are olefins. 

/ 
/ 

1 509. The method of claim 149^( wherein the produced mixture comprises non- 
condensable hydrocarbons, and vyherein a molar ratio of ethene to ethane in the non- 



condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1510. The method of claim 14p4 ? wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lesS than about 1 % by weight when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

I 

j 

i 
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1511. The method of claim 1494. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. I- 



5 1512. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. / 

/ 

1513. The method of claim 1494, wherein the pr^uced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to aftout 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

/ 

/ 

1514. The method of claim 1494, wherein' the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than aliout 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. / 

/ 

1515. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 5 % by weight of the condensable 



20 hydrocarbons comprises multi-ringyaromatics with more than two rings. 

/ 

/ 

1516. The method of claim 1 49/1, wherein the produced mixture comprises condensable 
. hydrocarbons, and wherein lessihan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

25 



1517. The method of claim^ 494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons ire cycloalkanes. 



30 1518. The method of claim 1 494, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

5 1519. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1520. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1521. The method of claim 1 494, further comprising controlling a pressure within at 
least a majority of the selected se 
is at least about 2.0 bar absolute. 



10 



25 



30 



least a majority of the selected section of tjie formation, wherein the controlled pressure 



1 5 1 522. The method of claim 1 494, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1523. The method of claim 1494/ wherein the partial pressure of H2 within the mixture 
20 is measured when the mixture is at a production well. 

1 524. The method of claim 1494, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1 525. The method of claim 1494, wherein providing hydrogen (H 2 ) to the formation 
further comprises: / 

hydrogenating hydrocarbons within the section; and 



heating a portion o: 



the section with heat from hydrogenation. 



1526. The method of claim 1494, further comprising: 
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producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

i 

i 

1527. The method of claim 1494, wherein allowing the heat to transfer Comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

/ 

/ 

1528. The method of claim 1494, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority o^the selected section. 

/ . 

1 529. The method of claim 1494, further comprising controlling the heat to yield greater 

j 

than about 60 % by weight of condensable hydrocarbons, as .measured by Fischer Assay. 

/ 
/ 

15 1530. The method of claim 1494, wherein producing the 7 mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 



1531. The method of claim 1 494, further comprisjiig providing heat from three or more 
20 heat sources to at least a portion of the formation/ wherein three or more of the heat 

sources are located in the formation in a unit o^ieat sources, and wherein the unit of heat 
sources comprises a triangular pattern. j 

i 

1 532. The method of claim 1 494, further Comprising providing heat from three or more 
25 heat sources to at least a portion of the foraiation, wherein three or more of the heat 

sources are located in the formation in aAinit of heat sources, wherein the unit of heat 

/ 

sources comprises a triangular patterns/and wherein a plurality of the units are repeated 
over an area of the formation to foray a repetitive pattern of units. 

30 1533. A method of treating a coa/ formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

providing H 2 to the selected section to hydrogenate hydrocarbons within the 
selected section and to heat a portion of the section with heat from theiiydrogenation: 
and / 

controlling heating of the selected section by controlling amounts of H2 provided 
to the selected section. 



1 534. The method of claim 1 533, wherein the one or more hj&l sources comprise at 
least two heat sources, and wherein superposition of heat fro^n at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

/ 

r 

1535. The method of claim 1533, further comprising Maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1 536. The method of claim 1 533, wherein the oqp or more heat sources comprise 
20 electrical heaters. 

1537. The method of claim 1533, wherein tl^e one or more heat sources comprise 
surface burners. 

25 1 538. The method of claim 1 533, where^i the one or more heat sources comprise 
flameless distributed combustors. 

1 539. The method of claim 1 533, wherein the one or more heat sources comprise natural 
distributed combustors. 

30 
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1 540. The method of claim 1 533, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 541 . The method of claim 1533, further comprising controlling the heat such/that an 
average heating rate of the selected section is less than about 1 °C per day dupig 

pyrolysis. / 

10 1542. The method of claim 1533, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (V) of the coal formation from th/ one or more heat 
sources, wherein the formation has an average heat capacity (C v )y4nd wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
15 wherein heating energy/day provided to the volume is/equal to or less than Pwr. 

wherein Pwr is calculated by the equation: / 
Pwr = h*V*C v *p B / 
wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
20 °C/day. / 

1543. The method of claim 1533, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

25 1544. The method of claim 1533, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 545. The method of claim 1 533, furthey comprising producing a mixture from the 
30 formation, wherein the produced mixturef comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 
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1546. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



1547. The method of claim 1533, further comprising producing a mixture^from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 

10 from about 0.001 to about 0.15. 

/ 
/ 
/ 

1548. The method of claim 1533, further comprising producing d mixture from the 



formation, wherein the produced mixture comprises condensable hydrocarbons, and 

/ 

wherein less than about 1 % by weight, when calculated on anatomic basis, of the 



15 condensable hydrocarbons is nitrogen. / 

/ 

1549. The method of claim 1533, further comprising prgducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

20 condensable hydrocarbons is oxygen. / 

/ 
/ 

I 

1550. The method of claim 1533, further comprising producing a mixture from the 
. formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
25 condensable hydrocarbons is sulfur. / 



1551. The method of claim 1533, further pomprising producing a mixture from the 
formation, wherein the produced mixture Comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by w/ight of the condensable hydrocarbons comprise 
30 oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

/ 
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1 552. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

5 compounds. 

1553. The method of claim 1 533, further comprising producing 7 a mixture from the 
formation, wherein the produced mixture comprises condensate hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 

1 0 . ring aromatics with more than two rings. j 

i 

i 
i 

1 554. The method of claim 1533, further comprising,producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 

15 asphaltenes. 

1555. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 ^by weight of the condensable hydrocarbons 

20 are cycloalkanes. / 




1 556. The method of claim 1533, further comprising producing a mixture from the 



formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
25 greater than about 10 % by volume/of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

1557. The method of claim 1 5i3, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
30 about 0.05 % by weight of the produced mixture is ammonia. 
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1 558. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

5 1 559. The method of claim 1533, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute. / 

/ 

/ 

1 560. The method of claim 1533, further comprising controllin^ormation conditions to 
10 produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 

is greater than about 0.5 bar. / 

/ 

1561. The method of claim 1 560, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well, j 

15 / 

1 562. The method of claim 1 533, further comprising altering a pressure within the 

/ 

formation to inhibit production of hydrocarbons from the formation having carbon 

numbers greater than about 25. j 

/ 

20 1 563. The method of claim 1 533, further comprising controlling formation conditions 

/ 

by recirculating a portion of hydrogen fromyi produced mixture into the formation. 

/ 

1 564. The method of claim 1533, further comprising: 

producing hydrogen and conderisable hydrocarbons from the formation; and 

/ 

25 hydrogenating a portion of the^produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. / 

1 565. The method of claim 1 533/ wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 

30 millidarcy. 
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1 566. The method of claim 1 533, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 567. The method of claim 1 533, wherein the heating is controlled of claim 1 533. 

5 further comprising producing a mixture in a production well, and wherein at least about 7 



1 568. The method of claim 1 533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

10 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1 569. The method of claim 1 533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

15 sources are located in the formation in a unit pf heat sources, wherein the unit of heat 
sources comprises a triangular pattern, andywherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 570. An in situ method for producing H2 from a coal formation, comprising: 
20 providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

producing a mixture^from the formation, wherein a H2 partial pressure within the 
25 mixture is greater than abput 0.5 bar. 

1571. The method ofrblaim 1 570, wherein the one or more heat sources comprise at 
least two heat source/, and wherein superposition of heat from at least the two heat 
sources pyrolyzes a/least some hydrocarbons within the selected section of the 

30 formation. / 



heat sources are disposed in the formation for each production well. / 
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1 572. The method of claim 1 570, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 573. The method of claim 1 570, wherein the one or more heat sources comprise 
5 electrical heaters. 



1 574. The method of claim 1 570, wherein the one or more heat sources comprise 

surface burners. / / 

/ 

/ 

10 1 575. The method of claim 1 570, wherein the one or ^iore heat sources comprise 
flameless distributed combustors. 



1 576. The method of claim 1 570, wherein the pne or more heat sources comprise natural 
distributed combustors. 



15 



20 



/ 

1 577. The method of claim 1 570, furthei / comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a functioi* of temperature, or the temperature is controlled as 
a function of pressure. / 

1578. The method of claim 1 570, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



25 1 579. The method of claim 1 570, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 

heating a selected volume (J 7 ) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
30 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 



440 



Conley Rose & Tayotv P C 



15 



Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

1 580. The method of claim 1 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



hea/f 



1581. The method of claim 1 570, wherein providing he^t from the one or more heat 

10 sources comprises heating the selected section such th^t a thermal conductivity of at least 

/ 

a portion of the selected section is greater than about ,0.5 W/(m °C). 

/ 

1 582. The method of claim 1570, wherein the pjbduced mixture comprises condensable 
hydrocarbons having an API gravity of at least ^bout 25°. 



/ 
/ 



1 583. The method of claim 1570, wherein ^e produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % byweight to about 15 % by weight of the 
condensable hydrocarbons are olefins, j 

/ 

20 1 584. The method of claim 1 570, wperein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



1585. The method of claim 1 5 70, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1 586. The method of clairh 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiA less than about 1 % by weight, when calculated on an atomic 

30 basis, of the condensable/hydrocarbons is oxygen. 
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1 587. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



5 1 588, The method of claim 1 570. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

10 1 589. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 %/by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1 590. The method of claim 1 570, wherein tjtfe produced mixture comprises condensable 
15 hydrocarbons, and wherein less than abouyo % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

1591. The method of claim 1 570, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. / 

1592. The method of claim /570, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinyabout 5 % by weight to about 30 % by weight of the 
condensable hydrocarbon/ are cycloalkanes. 

25 / 

1 593. The method of claim 1 570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wnerein the hydrogen is less than about 80 % by volume of the non- 
30 condensable component. 
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1 594. The method of claim 1 570, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1595. The method of claim 1 570, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1 596. The method of claim 1 570, further comprising controlling a pressure within at 
least a majority of the selected section of the formatiop; wherein the controlled pressure 



10 



30 



is at least about 2.0 bar absolute. ^ 

/ 



/. 



1 597. The method of claim 1 570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarlxms from the formation having carbon 
numbers greater than about 25. 




1 5 1 598. The method of claim 1 570, further comprising recirculating a portion of the 
hydrogen within the mixture into the/formation. 

1599. The method of claim 1570', further comprising condensing a hydrocarbon 
component from the produced mixture and hydrogenating the condensed hydrocarbons 
20 with a portion of the hydrogen/ 



1 600. The method of clairp 1 570, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and j 

25 heating a portic^ of the section with heat from hydrogenation. 

/ 

1 60 1 . The method <jf claim 1 570, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 



millidarcy. 
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1 602. The method of claim 1 570, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1603. The method of claim 1570, further comprising controlling the heat to yield greater 
5 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

/ 

1 604. The method of claim 1 570, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

10 / 

1 605 . The method of claim 1570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit di heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

15 / 

1 606. The method of claim 1 570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formations in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

20 over an area of the formation to/form a repetitive pattern of units. 

1 607. The method of claim/ 1 570, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

25 1 608. A method of treating a coal formation in situ, comprising: 

providing hea/ from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
30 wherein tMe selected section has been selected for heating using an atomic 

hydrogen weight/ percentage of at least a portion of hydrocarbons in the selected section, 
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m 



10 



and wherein at least the portion of the hydrocarbons in the selected section comprises an 
atomic hydrogen weight percentage, when measured on a dry, ash-free basis, of greater 
than about 4.0 %; and 

producing a mixture from the formation. 

1 609. The method of claim 1 608, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 



formation. 



/ 



1610. The method of claim 1608, furtheryComprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



1611. The method of claim 1 608, ^herein the one or more heat sources comprise 
15 electrical heaters. 

1612. The method of claim ^08, wherein the one or more heat sources comprise 
surface burners. 

20 1613. The method of cl^im 1 608, wherein the one or more heat sources comprise 
flameless distributed cpmbustors. 



25 



30 



1614. The method/of claim 1 608, wherein the one or more heat sources comprise natural 
distributed combystors. 

1615. The method of claim 1 608, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure/is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1622. The method of claim 1608, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

5 1623. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

/ 

1624. The method of claim 1608, wherein th^produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about Y% by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is/oxygen. 

1625. The method of claim 1608, wl/erein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 

* 1626. The method of claim 1/608, wherein the produced mixture comprises condensable 
hydrocarbons, wherein aboyx 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
20 containing compounds comprise phenols. 

1627. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are Aromatic compounds. 



25 



1628. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons/ and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1629. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



5 1630. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. y 



1 63 1 . The method of claim 1 608, wherein the produced mixture cpmprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volunfe of the non-condensable 
component, and wherein the hydrogen is less than abou/ 80 % by volume of the non- 
condensable component. 

15 1 632. The method of claim 1 608, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1633. The method of claim 1608, wherein me produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

20 

1634. The method of claim 1608, furtfier comprising controlling a pressure within at 
least a majority of the selected sectiqh of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

25 1635. The method of claim 1608, further comprising controlling formation conditions to 
produce the mixture, wherein p. partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1636. The method of cla/m 1635, wherein the partial pressure of H2 within the mixture 
30 is measured when the mixture is at a production well. 
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1637. The method of claim 1608, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



5 1 638. The method of claim 1 608, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

/ 

1639. The method of claim 1608, further comprising: / 
providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 

10 within the section; and / 
heating a portion of the section with heat from hydrogenation. 

1640. The method of claim 1608, further comprising: 
producing hydrogen and condensable hydrocarbons^&om the formation; and 

15 hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1 64 1 . The method of claim 1608, wherein allow(ng the heat to transfer comprises 
increasing a permeability of a majority of the ^elected section to greater than about 100 

20 millidarcy. 

1642. The method of claim 1608, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a pefrneability of a majority of the selected section. 

25 1 643 . The method of claim 1 608yfurther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1644. The method of claim L608, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
30 the formation for each production well. 
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1645. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

5 ' 

1646. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three / or more of the heat 
sources are located in the formation in a unit of heat sources 5 /wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

10 over an area of the formation to form a repetitive pattern of units. 

1647. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 
15 allowing the heat to transfer from the one or more heat sources to a selected 

section of the formation; / 

wherein at least some hydroca^oons within the selected section have an initial 
atomic hydrogen weight percentage/of greater than about 4.0 %; and 
producing a mixture fronyuie formation. 
20 / 

1648. The method of claim /647, wherein the one or more heat sources comprise at 
least two heat sources, and/wherein superposition of heat from at least the two heat 
sources pyrolyzes at leas/some hydrocarbons within the selected section of the 
formation. / 

25 / 

1649. The method'of claim 1647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1650. The method of claim 1647, wherein the one or more heat sources comprise 
30 electric al heaters . 
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1651 . The method of claim 1647, wherein the one or more heat sources comprise 
surface burners. 



1652. The method of claim 1647, wherein the one or more heat sources comprise 
5 flameless distributed combustors. 



1653. The method of claim 1647, wherein the one or mpre heat sources comprise natural 

/ 



distributed combustors. 



/ 



/ 

10 1654. The method of claim 1647, further compri^ng controlling a pressure and a 

temperature within at least a majority of the selected section of the formation, wherein 



the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1655. The method of claim 1647, further c/omprising controlling the heat such that an 
15 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. j 

1656. The method of claim 1647, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

20 heating a selected volume' (V) of the coal formation from the one or more heat 

sources, wherein the formation^has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
25 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 



30 1657. The method ot claim 1647, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1658. The method of claim 1647, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

5 

1659. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°./ 

1660. The method of claim 1647, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 0.1 % by weight^ about 15 % by weight of the 

condensable hydrocarbons are olefins. 



15 



1661. The method of claim 1 647, wherein me produced mixture comprises non- 
condensable hydrocarbons, and wherein a/molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from/about 0.001 to about 0.15. 



20 



1662. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 663 . The method of claim 1 647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



25 1 664. The method of claim 1 647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



1 665. The method of claim 1 647, wherein the produced mixture comprises condensable 
30 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 



452 



Conley, Rose & Tayon, PC. 



hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1666. The method of claim 1647, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

1667. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by yweight of the condensable 

10 hydrocarbons comprises multi-ring aromatics wifli more than two rings. 

1668. The method of claim 1647, wherein/he produced mixture comprises condensable 
hydrocarbons, and wherein less than aboyr 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

15 / 

1669. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about/5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are ^ycloalkanes. 

20 1670. The method of clairrr 1647, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen isireater than about 10 % by volume of the non-condensable 
component, and wherep the hydrogen is less than about 80 % by volume of the non- 
condensable component 

25 / 

1671 . The methoa of claim 1647, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1672. The mepod of claim 1647, wherein the produced mixture comprises ammonia, 
30 and wherein the ammonia is used to produce fertilizer. 
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1673. The method of claim 1647, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



5 1674. The method of claim 1647, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1675. The method of claim 1674, wherein the partial pressure of H2 within the mixture 
10 is measured when the mixture is at a production/well. 

1676. The method of claim 1647, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

15 

1677. The method of claim 1647, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1678. The method of claim 1647, further comprising: 
20 providing hydrogen j/H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion df the section with heat from hydrogenation. 

1679. The method of claim 1647, further comprising: 

25 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1680. The methqd of claim 1647, wherein allowing the heat to transfer comprises 



30 increasing a per 
millidarcy. 



eability of a majority of the selected section to greater than about 100 
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1681. The method of claim 1647, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

5 1682. The method of claim 1647, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons; as measured by Fischer Assay. 

1683. The method of claim 1 647, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at/least about 7 heat sources are disposed in 
10 the formation for each production well. 



15 



1684. The method of claim 1647, furthei/comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation irr a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



20 



1685. The method of claim 16477, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1686. A method of treating a coal formation in situ, comprising: 

providing heat pm one or more heat sources to at least a portion of the 
25 formation; 

allowing theAieat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein the selected section has been selected for heating using vitrinite 
reflectance of at feast some hydrocarbons in the selected section, and wherein at least a 
30 portion of the hydrocarbons in the selected section comprises a vitrinite reflectance of 
greater than about 0.3 %; 
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wherein at least a portion of the hydrocarbons in the selected section comprises a 
vitrinite reflectance of less than about 4.5 %; and 
producing a mixture from the formation. 

5 1687. The method of claim 1686, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. ' 

10 1688. The method of claim 1686, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperati 

1689. The method of claim 1686, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section/is between about 0.47 % and about 1.5 % 

15 such that a majority of the produced mixtdre comprises condensable hydrocarbons. 

1690. The method of claim 1686, wWerein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected/section is between about 1.4 % and about 4.2 % such 
that a majority of the produced mixture comprises non-condensable hydrocarbons. 

20 

1691 . The method of claim J/&86, wherein the one or more heat sources comprise 
electrical heaters. 

1692. The method of cl4im 1686, wherein the one or more heat sources comprise 
25 surface burners. s 



1693. The method^of claim 1686, wherein the one or more heat sources comprise 
flameless distributed combustors. 

/ 

30 1694. The method of claim 1686, wherein the one or more heat sources comprise natural 
distributed combustors. 
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1695. The method of claim 1686, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

5 a function of pressure. / 

1696. The method of claim 1686, further comprising controlling the heat such that an 
average heating rate of the selected section is les/ than about 1 °C per day during 
pyrolysis. / 

10 / 

1697. The method of claim 1686, whereija providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
15 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = /z*F*C v */? s / 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
20 formation, p B is fonnatioiybulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1698. The method ok claim 1686, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

25 / 

1699. The method of claim 1686, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

30 1700. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 
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1701 . The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

5 

1702. The method of claim 1686, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.^01 to about 0.15. 

10 1703. The method of claim 1686, wherein tlie^produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

/ \ 
/ 

1704. The method of claim 1686, ^/herein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



1705. The method of claim ^686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein iess than about 1 % by weight, when calculated on an atomic 
20 basis, of the condensable nydrocarbons is sulfur. 



1706. The method of aflaim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

25 containing compounds comprise phenols. 

1707. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons ace aromatic compounds. 
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1708. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 1709. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. / ; 

/ 

1710. The method of claim 1686, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about 3/6 % by weight of the 

condensable hydrocarbons are cycloalkanes. / 

1711. The method of claim 1 686, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condepable component comprises hydrogen, 

15 wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is les/than about 80 % by volume of the non- 
condensable component. / 

1712. The method of claim 1686, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1713. The method of claim 1686/wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

25 1714. The method of claim L686, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1715. The method of claim 1 686, further comprising controlling formation conditions to 
30 produce the mixture, whpein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 
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1716. The method of claim 1 7 1 5, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

5 1717. The method of claim 1686, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1718. The method of claim 1686, further comprising controlling formation conditions 
10 by recirculating a portion of hydrogen from the mixture into the formation. 

1719. The method of claim 1686, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 
15 heating a portion of the section with heat from hydrogenation. 



1720. The method of claim 1686, further comprising: 

producing hydrogen and coiidensable hydrocarbons from the formation; and 
hydrogenating a portion oy the produced condensable hydrocarbons with at least a 
20 portion of the produced hydrogen. 

1 72 1 . The method of claim 1 ©86, wherein allowing the heat to transfer comprises 
increasing a permeability of a/majority of the selected section to greater than about 100 
millidarcy. / 

25 / 

1722. The method of claim 1686, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1723. The method of claim 1686, further comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1 724. The method of claim 1686, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

5 1 725. The method of claim 1 686, further comprising providing heLt from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources/ and wherein the unit of heat 
sources comprises a triangular pattern. / 

10 1726. The method of claim 1686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

15 / 

1 727. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfe/ from the one or more heat sources to a selected 
20 section of the formation; / 

wherein the selected section has been selected for heating using a total organic 
matter weight percentage of at/least a portion of the selected section, and wherein at least 
the portion of the selected section comprises a total organic matter weight percentage, of 
at least about 5.0 %; and / 
25 producing a mixture from the formation. 

1 728. The method of daim 1 727, wherein the one or more heat sources comprise at 
least two heat sources, iand wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

30 formation. 
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1729. The method of claim 1727, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1730. The method of claim 1727, wherein the one or more heat sources comprise 
5 electrical heaters. 



15 



20 



1731. The method of claim 1727, wherein the one or more heat sources comprise 
surface burners. 



10 1732. The method of claim 1727, wherein the one or more heat sources comprise 
flameless distributed combustors. j 

1733. The method of claim 1727, wherein the one or more heat sources comprise natural 
distributed combustors. j 



1734. The method of claim 1727, further oomprising controlling a pressure and a 
temperature within at least a majority of tae selected section of the formation, wherein 
the pressure is controlled as a function o/ temperature, or the temperature is controlled as 
a function of pressure. 

1735. The method of claim 1727, mrther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



25 1736. The method of claim 11727, wherein providing heat from the one or more heat 

sources to at least the portion/of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
30 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
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Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1737. The method of claim 1727, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1738. The method of claim 1727, wherein providing heat from the one or more heat 

10 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than^ibout 0.5 W/(m °C). 

1739. The method of claim 1727, whereir/the produced mixture comprises condensable 



15 



hydrocarbons having an API gravity of at least about 25°. 

1740. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about OA % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



20 1 74 1 . The method of claim 1 727, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons /anges from about 0.001 to about 0.15. 

1 742. The method of claim 1727, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1743. The method of claim 1727, wherein the produced mixture comprises condensable 



hydrocarbons, am 



wherein less than about 1 % by weight, when calculated on an atomic 



30 basis, of the condensable hydrocarbons is oxygen. 

I 
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1744. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

5 1745. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

/' 

containing compounds comprise phenols. / 

10 1746. The method of claim 1727, wherein the pre/duced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1747. The method of claim 1727, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than abcfut 5 % by weight of the condensable 

hydrocarbons comprises multi-ring antoatics with more than two rings. 

1748. The method of claim 1727/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less j?nan about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

1749. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



25 



1750. The method of claim 1727, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable con/ponent. 
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1751. The method of claim 1 727, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1752. The method of claim 1 727, wherein the produced pixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 

1753. The method of claim 1727, further comprising controlling a pressure within at 
least a majority of the selected section of the fora^ation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

10 

1754. The method of claim 1727, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

15 1755. The method of claim 1754, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1756. The method of claim 1727, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about '. 

1757. The method of claim 1727, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

25 1 758. The method of claim 1727, further comprising: 

providing hwrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; And 

heating a portion of the section with heat from hydrogenation. 



30 1759. The method of claim 1 727, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydro genating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1760. The method of claim 1727, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1761 . The method of claim 1727, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1762. The method of claim 1727, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable/nydrocarbons, as measured by Fischer Assay. 



1763. The method of claim 1727, wherein producing the mixture comprises producing 
15 the mixture in a production well, and/wherein at least about 7 heat sources are disposed in 

the formation for each production well. 

1764. The method of claim 172^7, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

20 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1765. The method of claim 1727, further comprising providing heat from three or more 
heat sources to at least apportion of the formation, wherein three or more of the heat 

25 sources are located in pie formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1766. A method of treating a coal formation in situ, comprising: 

30 providing ^ieat from one or more heat sources to at least a portion of the 

formation; 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

wherein at least some hydrocarbons within the selected section have an initial 
total organic matter weight percentage of at least about 5.0%; and 
5 producing a mixture from the formation. 

1767. The method of claim 1766, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarb^s within the selected section of the 

10 formation. 

1768. The method of claim 1766, furfher comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 5 1 769. The method of claim 1 7 (76, wherein the one or more heat sources comprise 
electrical heaters. 

1770. The method of clain/ 1 766, wherein the one or more heat sources comprise 
surface burners. 

20 

1 771 . The method of j^laim 1 766, wherein the one or more heat sources comprise 
flameless distributed combustors. 

1 772. The method of claim 1 766, wherein the one or more heat sources comprise natural 
25 distributed combustors. 

1 773 . The method of claim 1 766, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

30 a function of pressure. 
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1 774. The method of claim 1 766, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

5 1 775. The method of claim 1 766, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *pe 

wherein Pwr is the heating Aiergy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
15 °C/day. 

1776. The method of claim/1766, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

20 1777. The method of c/aim 1766, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1778. The methoa of claim 1 766, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 



1779. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, And wherein about 0.1 % by weight to about 15 % by weight of the 
condensable Iwdrocarbons are olefins. 
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1780. The method of claim 1766, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



5 178 1 . The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogep/ *' 

1782. The method of claim 1 766, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about/l % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons i/oxygen. 

1 783. The method of claim 1766, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

15 basis, of the condensable hydrocarbons is sulfur. 

1784. The method of claim V/66, wherein the produced mixture comprises condensable 
hydrocarbons, wherein aboin 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 

1785. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wnerein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

25 / 

1786. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1787. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 1788. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1789. The method of claim 1766, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condetfsable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 3^ by volume of the non-condensable 
component, and wherein the hydrogen is les^'than about 80 % by volume of the non- 
condensable component. 

1 5 1 790. The method of claim 1 766, whe/ein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1791. The method of claim 1766,/vherein the produced mixture comprises ammonia, 
and wherein the ammonia is usecyto produce fertilizer. 

20 

1 792. The method of claim ]/l66, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar abs/lute. 

25 1 793 . The method of cliim 1766, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 

1794. The method of claim 1793, wherein the partial pressure of H 2 within the mixture 
30 is measured when the mixture is at a production well. 
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1 795. The method of claim 1 766, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



5 1 796. The method of claim 1 766, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. / 

1 797. The method of claim 1 766, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hyd/ocarbons 

10 within the section; and 

heating a portion of the section with heat from hydrogenation./ 

1798. The method of claim 1766, further comprising: / 
producing hydrogen and condensable hydrocarbons from^he formation; and 

1 5 hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1799. The method of claim 1766, wherein allowing the h£at to transfer comprises 
increasing a permeability of a majority of the selected s^tion to greater than about 100 

20 millidarcy. 

1 800. The method of claim 1 766, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability 6f a majority of the selected section. 

25 1801. The method of claim 1 766, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

1 802. The method of claim 1 766, wherein producing the mixture comprises producing 



the mixture in a production well, and whereii 
30 the formation for each production well. 



at least about 7 heat sources are disposed in 
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1 803. The method of claim 1 766, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

5 

1 804. The method of claim 1 766, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three4r more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

10 over an area of the formation to form a repetitive pattern of units. 

1805. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources/to at least a portion of the 

formation; 

15 allowing the heat to transfer from the one ^r more heat sources to a selected 

section of the formation; 

wherein the selected section has been selected for heating using an atomic oxygen 

weight percentage of at least a portion of hydrocarbons in the selected section, and 

wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
20 oxygen weight percentage of less than atymt 1 5% when measured on a dry, ash free 

basis; and 

producing a mixture from the formation. 

1 806. The method of claim 1805, wnerein the one or more heat sources comprise at 
25 least two heat sources, and wherein/superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

1 807. The method of claim 1 805, further comprising maintaining a temperature within 
30 the selected section within a pytolysis temperature range. 
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1 808. The method of claim 1 805, wherein the one or more heat sources comprise 
electrical heaters. 



1 809. The method of claim 1 805, wherein the one or more heat sources comprise 
5 surface burners. 

v 

1810. The method of claim 1 805, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

10 1811. The method of claim 1 805, wherein the one or/more heat sources comprise natural 

/ 

distributed combustors. j 

i 

1812. The method of claim 1 805, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

15 the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1813. The method of claim 1 805, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

20 pyrolysis. / 

1814. The method of claim 1 805 / wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volun/e (V) of the coal formation from the one or more heat 
25 sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrc/carbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 
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wherein Pmt is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 
°C/dav. 



10 



1815. The method of claim 1 805, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. . 

1816. The method of claim 1 805, wherein providing^eat from the one or more heat 
sources comprises heating the selected section suctr that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1817. The method of claim 1 805, wherein the 7 produced mixture comprises condensable 
hydrocarbons having an API gravity of at le^st about 25°. 

15 1818. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % py weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1819. The method of claim 1 805, wherein the produced mixture comprises non- 
20 condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges/from about 0.001 to about 0.15. 



25 



1 820. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



30 



1 82 1 . The method of clainy 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1 822. The method of claim 1 805. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



/ 

/ 
/ 



5 1 823. The method of claim 1 805, wherein the produced'mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. j 

10 1 824. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about/^O % by weight of the condensable 

hydrocarbons are aromatic compounds. j 

i 

1 825. The method of claim 1 805, wherep the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than abtfut 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



1 826. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thjta about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 

1 827. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons ^re cycloalkanes. 

25 

1 828. The method of claim 1 805, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen ; 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
30 condensable componen . 
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1 829. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 830. The method of claim 1805, wherein the produced mixture comprises ammonia, 
5 and wherein the ammonia is used to produce fertilizer. 



10 



1831. The method of claim 1 805, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 832. The method of claim 1 805, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of ^ within the mixture is greater than 
about 0.5 bar. 



1 5 1 833. The method of claim 1 832, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a produc/ion well. 

1 834. The method of claim 1 805, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

20 numbers greater than about 25. 

1 835. The method of claim 1 805/ further comprising controlling formation conditions 
by recirculating a portion of hyd/ogen from the mixture into the formation. 

25 1 836. The method of claim L805, further comprising: 

providing hydrogen 0 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion otf the section with heat from hydrogenation. 



30 1 837. The method of chtfm 1 805, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1 838. The method of claim 1805, wherein allowing the heat to transfer comprises 

5 increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

1 839. The method of claim 1 805, wherein allowing ihe heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 

10 section. 

1 840. The method of claim 1 805, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable h/drocarbons, as measured by Fischer Assay. 

15 1 841 . The method of claim 1 805, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production welK 

1 842. The method of claim 1805, /further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 843. The method of claim /l 805, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

30 1 844. A method of treating a coal formation in situ, comprising: 
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providing heat from one or more heat sources to a selected section of the 
formation; 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbon within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic oxygen weight percentage of less than about 15%; and 
producing a mixture from the formation. / 

/ 

1 845. The method of claim 1 844, wherein the one or more heat sources comprise at 
10 least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbgns within the selected section of the 
formation. 



1 846. The method of claim 1 844, further comprising maintaining a temperature within 
1 5 the selected section within a pyrolysis' temperature range 

1847. The method of claim 1 844, Xvherein the one or more heat sources comprise 
electrical heaters. 



20 1 848. The method of claim 1 &44, wherein the one or more heat sources comprise 
surface burners. ^ 

1 849. The method of clainy 1 844, wherein the one or more heat sources comprise 
flameless distributed comb^lstors. 

25 

1 850. The method of cla/m 1 844, wherein the one or more heat sources comprise natural 
distributed combustors. 

1851. The method of daim 1 844, further comprising controlling a pressure and a 
30 temperature within at least a majority of the selected section of the formation, wherein 
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the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 852. The method of claim 1 844, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 



1 853. The method of claim 1 844, wherein pro/iding heat from the one or more heat 
sources to at least the portion of formation comprises: 
10 heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an avenge heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation: and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the eqi 
15 Pwr = h*V*C v *p s 

wherein Pwr is the heating y£nergy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



tion: 



20 1 854. The method of claim / 844, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 



1855. The method of claim 1 844, wherein providing heat from the one or more heat 
sources comprises heatbig the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1 856. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons havind an API gravity of at least about 25°. 
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1 857. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

5 1 858. The method of claim 1 844, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 li about 0.15. 



1 859. The method of claim 1844, wherein the p/oduced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 °/o/by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1 860. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abqful 1 % by weight, when calculated on an atomic 

1 861 . The method of claim 1 844y(vherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tl/an about 1 % by weight, when calculated on an atomic 



20 



25 



basis, of the condensable hydrocarbons is sulfur. 

1862. The method of claim/1 844, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 863. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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1 864. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the c^densable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 1 865. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weighlt of the condensable 
hydrocarbons are asphaltenes. 

1 866. The method of claim 1 844, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to/about 30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

1 867. The method of claim 1844, wherein th£ produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 

1 5 wherein the hydrogen is greater than abouj 1 0 % by volume of the non-condensable 
component and wherein the hydrogen is /ess than about 80 % by volume of the non- 
condensable component. 

1 868. The method of claim 1 844, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 869. The method of claim 1844, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

25 1 870. The method of claim 1 844, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 871 . The method of claim 1 844, further comprising controlling formation conditions to 
30 produce the mixture, ^herein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 
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1 872. The method of claim 1 871, wherein the partial pressure of H: within the mixture 
is measured when the mixture is at a production well. 



5 1 873 . The method of claim 1 844, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



1 874. The method of claim 1 844, further comprising controlling formation conditions 
10 by recirculating a portion of hydrogen from the mixture into the formation. 



15 



1 875 . The method of claim 1 844, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sectior/ with heat from hydrogenation. 



1 876. The method of claim 1 844/further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portioi/of the produced condensable hydrocarbons with at least a 
20 portion of the produced hydrogen. 



25 



1 877. The method of claim 1 844, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1 878. The method of claim 1 844, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1 879. The method of claim 1844, further comprising controlling the heat to yield greater 
30 than about 60 % py weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1880. The method of claim 1844, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1881. The method of claim 1 844, further comprising provjaing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 



1 882. The method of claim 1844, further comj^ising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit/of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and/wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 883. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein the selected section has been selected for heating using an atomic 
hydrogen to carbon ratio of af least a portion of hydrocarbons in the selected section, 
wherein at least a portion ov the hydrocarbons in the selected section comprises an atomic 
hydrogen to carbon ratio greater than about 0.70, and wherein the atomic hydrogen to 
carbon ratio is less than about 1.65; and 

producing a mixture from the formation. 

1 884. The method oy claim 1 883, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes ay least some hydrocarbons within the selected section of the 
formation. / 
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1 885. The method of claim 1 883, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

5 1 886. The method of claim 1 883, wherein the one or more'heat sources comprise 
electrical heaters. 

1 887. The method of claim 1 883, wherein the one or more heat sources comprise 
surface burners. 

10 

1 888. The method of claim 1 883, wherein the on^ or more heat sources comprise 
flameless distributed combustors. 

1 889. The method of claim 1 883, wherein th^ one or more heat sources comprise natural 
1 5 distributed combustors. 



20 



1 890. The method of claim 1 883, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function 91 temperature, or the temperature is controlled as 
a function of pressure. 



25 



30 



1 891 . The method of claim 1883, fiiuther comprising controlling the heat such that an 
average heating rate of the selected/ section is less than about 1 °C per day during 
pyrolysis. 

1 892. The method of claim 1 883, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volu/ne (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwt\ 
wherein Pwr is calculated by the equation: 
Pwr = h*V+C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
5 formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 

/ 

1 893. The method of claim 1 883, wherein allowing the h^at to transfer comprises 
transferring heat substantially by conduction. / 

10 / 

1 894. The method of claim 1 883, wherein providing heat from the one or more heat 
sources comprises heating the selected section sucpthat a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 5 1 895. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at le&st about 25°. 

1896. The method of claim 1883, wherein the .produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 °/6 by weight to about 15 % by weight of the 

20 condensable hydrocarbons are olefins/ 

1 897. The method of claim 1 883 Jwherein the produced mixture comprises non- 
condensable hydrocarbons, and wnerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

25 / 

1898. The method of claim 18/83. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1 899. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 1 900. The method of claim 1 883. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1 90 1 . The method of claim 1883, wherein the produced mixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 902. The method of claim 1 883, wherein the produced mixture comprises condensable 
1 5 hydrocarbons, and wherein greater than pout 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

1 903. The method of claim 1 883, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaii about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 904. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les^ than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes., 

25 

1905. The method of claim/1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein About 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 1 906. The method of claim 1 883, wherein the produced mixture comprises a non- 



condensable component, 



vherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

5 1 907. The method of claim 1 883, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 908. The method of claim 1 883, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

10 

1 909. The method of claim 1 883, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

15 1910. The method of claim 1 883, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1911. The method of claim 1910, wherein the partial pressure of H2 within the mixture 
20 is measured when the mixture is at a production well. 

1912. The method of claim 1883, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

25 

1913. The method of claim 1883, further comprising controlling formation conditions 
by recirculating a portion of hyd/ogen from the mixture into the formation. 

1914. The method of claim 1883, further comprising: 
30 providing hydrogen (H£) to the heated section to hydrogenate hydrocarbons 

within the section; and 
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heating a portion of the section with heat from hydrogenation. 

1915. The method of claim 1883, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 



1916. The method of claim 1883, wherein allowing the/heat to transfer comprises 
increasing a permeability of a majority of the selected ^ection to greater than about 100 
10 millidarcy. 



1917. The method of claim 1 883, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 

/ 
/ 

15 1918. The method of claim 1883, further apprising controlling the heat to yield greater 
than about 60 % by weight of condensable Hydrocarbons, as measured by Fischer Assay. 



1919. The method of claim 1883, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 

20 the formation for each production weW. 

1 920. The method of claim 1 883, iurther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formatfon in a unit of heat sources, and wherein the unit of heat 

25 sources comprises a triangular pattern. 

1 92 1 . The method of claim 1 883, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

30 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

to form a repetitive pattern of units. 



over an area of the formation 
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1 922. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to a selected section of the 
formation; 

5 allowing the heat to transfer from the one or more heat sources to the selected 

section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 

atomic hydrogen to carbon ratio greater than about 0.70; 

/ 

wherein the initial atomic hydrogen to carbon ration is less than about 1 .65; and 
10 producing a mixture from the formation. 

1 923. The method of claim 1 922, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

15 formation. 

1 924. The method of claim 1 922, further comprising maintaining a temperature within 
the selected section within a jwrolysis temperature range. 

20 1 925. The method of clair^i 1 922, wherein the one or more heat sources comprise 
electrical heaters. 

1926. The method of jclaim 1922, wherein the one or more heat sources comprise 
surface burners. 



25 



1 927. The method ^of claim 1 922, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1928. The methoid of claim 1922, wherein the one or more heat sources comprise natural 
30 distributed combuistors. 
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1929. The method of claim 1922, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1930. The method of claim 1922, further comprising controlling the heat such that an 
average heating rate of the selected section is les^than about 1 °C per day during 
pyrolysis. 



10 



15 



20 



1 93 1 . The method of claim 1 922, whereii/providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has m average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by th^ equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heAting energy/day, h is an average heating rate of the 
formation, p B is formation b^lk density, and wherein the heating rate is less than about 1 0 
°C/day. 



1 932. The method of claim 1 922, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 



1 933 . The method of claim 1 922, wherein providing heat from the one or more heat 
sources comprises hfeating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1 934. The methdd of claim 1 922, wherein the produced mixture comprises condensable 
30 hydrocarbons haVing an API gravity of at least about 25°. 
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1935. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

5 1 936. The method of claim 1 922, wherein the produced rfixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

/ I 

condensable hydrocarbons ranges from about 0.00 l^to atjout 0.15. 

1937. The method of claim 1922, wherein the/produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 f/o by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

1938. The method of claim 1922, whe/ein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aoout 1 % by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is oxygen. 



20 



25 



1 939. The method of claim 1 922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less /than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1940. The method of clainr 1922, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1941 . The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



491 



Conley. Rose & Tayon. P C 




1942. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



5 1943. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the/ condensable 
hydrocarbons are asphaltenes. 

1944. The method of claim 1922, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein about 5 % by weight to about/30 % by weight of the 

condensable hydrocarbons are cycloalkanes. 

1945. The method of claim 1922, wherein the prodi/ced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 

15 wherein the hydrogen is greater than about 10 % bfy volume of the non-condensable 
component, and wherein the hydrogen is less thafi about 80 % by volume of the non- 
condensable component. 

1946. The method of claim 1922, wherein the produced mixture comprises ammonia, 
20 and wherein greater than about 0.05 % by Weight of the produced mixture is ammonia. 

1947. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

25 1 948. The method of claim 1 922, further comprising controlling a pressure within at 
least a majority of the selected secticp of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 949. The method of claim 1 922/ further comprising controlling formation conditions to 
30 produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 
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1950. The method of claim 1949, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 



5 1 95 1 . The method of claim 1 922, further comprising altering a pressure within the 

formation to inhibit production of hydrocarbons from the formation Having carbon 

/ 

numbers greater than about 25. 

1 952. The method of claim 1 922, further comprising controlling formation conditions 
10 bv recirculating a portion of hydrogen from the mixture into tpe formation. 

/ 

1953. The method of claim 1 922, further comprising: 
providing hydrogen (H2) to the heated section to J4ydrogenate hydrocarbons 

within the section; and 
1 5 heating a portion of the section with heat from'hydrogenation. 

1 954. The method of claim 1 922, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produce^ condensable hydrocarbons with at least a 

20 portion of the produced hydrogen. 

1 955. The method of claim 1 922, wherein/allowing the heat to transfer comprises 
increasing a permeability of a majority of /he selected section to greater than about 100 
millidarcy. 

25 

1956. The method of claim 1 922, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1957. The method of claim 1922, rarther comprising controlling the heat to yield greater 
30 than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 
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1958. The method of claim 1922. wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

5 1 959. The method of claim 1 922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

10 1960. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive patten/ of units. 

15 

1 961 . A method of treating a coal formation in situ7comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the on^or more heat sources to a selected 
20 section of the formation; 

wherein the selected section has been ^elected for heating using an atomic oxygen 
to carbon ratio of at least a portion of hydrocarbons in the selected section, wherein at 
least a portion of the hydrocarbons in the selected section comprises an atomic oxygen to 
carbon ratio greater than about 0.025, and wherein the atomic oxygen to carbon ratio of at 
25 least a portion of the hydrocarbons in the selected section is less than about 0.1 5 and 

—f 

1 962. The method of claim 1 96 L wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 

30 sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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1 963. The method of claim 1 961 , further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



5 1 964. The method of claim 1961 9 wherein the one or more heat sources comprise 
electrical heaters. / * 

y 

1 965. The method of claim 1 961 , wherein the one or more heat sources comprise 



surface burners. 



/ 

1 966. The method of claim 1 961 , wherein the one or more hea/ sources comprise 



flameless distributed combustors. 

1 967. The method of claim 1 96 1 , wherein the one or mor^heat sources comprise natural 
1 5 distributed combustors. 

1968. The method of claim 1961, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperatur^, or the temperature is controlled as 

20 a function of pressure. 

1969. The method of claim 1961, further comprising controlling the heat such that an 
average heating rate of the selected section is less/than about 1 °C per day during 
pyrolysis. 

25 

I 

1 970. The method of claim 1 96 1 , wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average Heat capacity (C v ), and wherein the heating 
30 pyrolyzes at least some hydrocarbons within thfe selected volume of the formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwi\ 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C x *p B I 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein tiie heating rate is less than about 1 0 
°C/dav. 



10 



1971. The method of claim 1 96 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction, j 

1972. The method of claim 1961 , wherein^oviding heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



1 5 1 973 . The method of claim 1 96 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1 974. The method of claim 1 9o 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
20 condensable hydrocarbons are olefins. 



25 



1975. The method of claim 1961, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1976. The method of fclaim 1961 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



V 
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1977. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 1978. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 979. The method of claim 1961, wherein the producedj^iixture comprises condensable 
10 hydrocarbons, wherein about 5 % by weight to about % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. j 

i 

1980. The method of claim 1 96 1 , wherein the pfoduced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about ^0 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

1981 . The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring arcmiatics with more than two rings. 

1982. The method of claim 1961,ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tfykn about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



25 
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1983. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 984. The method of claim 1 96 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 



497 



Conlev. Rose & Tavon. P C 



wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- . 
condensable component. 

/ 

5 1985. The method of claim 1961, wherein the produced/mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

/ 

1 986. The method of claim 1961 , wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

10 

1 987. The method of claim 1 96 1 , further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 5 1 988. The method of claim 1 96 1 , further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

1989. The method of claim 1988,Avherein the partial pressure of H2 within the mixture 
20 is measured when the mixture is at a production well. 

1990. The method of claim 1961 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about f5. 

25 



1991. The method of claim 1961, further comprising controlling formation conditions 
by recirculating a portion/of hydrogen from the mixture into the formation. 

1 992. The method of claim 1 96 1 , further comprising: 

30 providing hydrdgen (H 2 ) to the heated section to hydrogenate hydrocarbons 

within the section; and 
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heating a portion of the section with heat from hydrogenation. 

1 993 . The method of claim 1 96 1 , further comprising: , 

producing hydrogen and condensable hydrocarbons from the formation; and 
5 hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1994. The method of claim 1961 , wherein allowing the heat^o transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 1 00 

10 millidarcy. 

1 995 . The method of claim 1 96 1 , wherein allowing tfie heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 



15 



1996. The method of claim 1961, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



1 997. The method of claim 1961 , wherein producing the mixture comprises producing 
20 the mixture in a production well, and wherpn at least about 7 heat sources are disposed in 

the formation for each production well. 

1 998. The method of claim 1 96 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

25 sources are located in the formation ir/a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 



1 999. The method of claim 1 96 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
30 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2000. A method of treating a coal formation in situ, comprising 

5 providing heat from one or more heat sources to a selected section of the 

formation; 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons withiivthe selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
10 atomic oxygen to carbon ratio greater than about 0.02? ; 

wherein the initial atomic oxygen to carbon jatio is less than about 0.1 5; and 
producing a mixture from the formation. 

2001 . The method of claim 2000, wherein the one or more heat sources comprise at 
15 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbon/ within the selected section of the 
formation. 

2002. The method of claim 2000, further comprising maintaining a temperature within 
20 the selected section within a pyrolysis temperature range. 

2003. The method of claim 2000, wjierein the one or more heat sources comprise 
electrical heaters. 

25 2004. The method of claim 2000,/wherein the one or more heat sources comprise 
surface burners. 

2005. The method of claim 2000, wherein the one or more heat sources comprise 
flameless distributed combusto/s. 

30 
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2006. The method of claim 2000, wherein the one or more heat sources comprise natural 
distributed combustors. 

2007. The method of claim 2000, further comprising controlling a pressure and a 

5 temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. ^ 

2008. The method of claim 2000, further comprising controlling the heat such that an 
10 average heating rate of the selected section is less thai/ about 1 °C per day during 

pyrolysis. / 

2009. The method of claim 2000, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

15 heating a selected volume (V) of the lod\ formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons witfain the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
20 Pwr = h*V*C v *p B I 

wherein Pwr is the heating ^nergy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



/ 

25 20 1 0. The method of claim 2000, wherein allowing the heat to transfer comprises 
transferring heat substantially/by conduction. 



2011. The method of claim^OOO, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
30 a portion of the selected section is greater than about 0.5 W/(m °C). 
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2012. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

201 3. The method of claim 2000. wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 

condensable hydrocarbons are olefins. 

2014. The method of claim 2000, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of etnene to ethane in the non- 

201 5. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by^eight. when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogep. 

15 

201 6. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 r/o by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

20 20 1 7. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

201 8. The method of claim 2000/wherein the produced mixture comprises condensable 
25 hydrocarbons, wherein about 5 %/by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2019. The method of claim 2000, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 
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2020. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 

2021 . The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weigtft of the condensable 
hydrocarbons are asphaltenes. 

10 2022. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight p about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2023. The method of claim 2000, wherein/the produced mixture comprises a non- 
15 condensable component, wherein the non/condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydro gey is less than about 80 % by volume of the non- 
condensable component. 

20 2024. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein greater than about 6.05 % by weight of the produced mixture is ammonia. 

2025. The method of claimy2000, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



25 



2026. The method of claim 2000, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar/absolute. 
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2027. The method of claim 2000, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

5 2028. The method of claim 2027, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well, i 



2029. The method of claim 2000, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons frpm the formation having carbon 
10 numbers greater than about 25. 



2030. The method of claim 2000. further comprising controlling formation conditions 
by recirculating a portion of hydrogen from pe mixture into the formation. 

15 203 1 . The method of claim 2000, furthetf comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sectioi/ with heat from hydrogenation. 

20 2032. The method of claim 2000, Further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion o/the produced condensable hydrocarbons with at least a 
portion of the produced hydroger 

25 2033. The method of claim 2000, wherein allowing the heat to transfer comprises 

increasing a permeability of a piajority of the selected section to greater than about 1 00 
millidarcy. 



2034. The method of claim/2000, wherein allowing the heat to transfer further 
30 comprises substantially uniformly increasing a permeability of a majority of the selected 



section. 
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2035. The method of claim 2000, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

5 2036. The method of claim 2000, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2037. The method of claim 2000, further comprising providing heat from three or more 
10 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of he^l sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2038. The method of claim 2000, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ana wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

20 2039. A method of treating a coal formation in situ, comprising: 

providing heat from one or m^re heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer/ from the one or more heat sources to a selected 
section of the formation; j 
25 wherein the selected sectiop has been selected for heating using a moisture 

content in the selected section, an^ wherein at least a portion of the selected section 
comprises a moisture content of Ifess than about 15%; and 
producing a mixture frorp the formation. 

30 2040. The method of claim 20(39, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2041 . The method of claim 2039, further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 



2042. The method of claim 2039, wherein the one or more heat sources comprise 
electrical heaters. / 

10 2043. The method of claim 2039, wherein the one or rnore heat sources comprise 
surface burners. / 

2044. The method of claim 2039, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

15 / 

2045. The method of claim 2039, whereiii the one or more heat sources comprise natural 
distributed combustors. / 

2046. The method of claim 2039, further comprising controlling a pressure and a 

20 temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

2047. The method of claim 2039, further comprising controlling the heat such that an 
25 average heating rate of the selected section is less than about 1 °C per day during 




2048. The method of claim 2039, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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20 



heating a selected volume (F) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than /Vr, 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 



2049. The method of claim 2039, wherein allowing t^e heat to transfer comprises 
transferring heat substantially by conduction. 

2050. The method of claim 2039, wherein providing heat from the one or more heat 
15 sources comprises heating the selected sectior/such that a thermal conductivity of at least 

a portion of the selected section is greater thdn about 0.5 W/(m °C). 

205 1 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2052. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about. 1 5 % by weight of the 
condensable hydrocarbons are ole'fins. 



25 2053. The method of claim 20^9, wherein the produced mixture comprises non- 
condensable hydrocarbons, ancjf wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranees from about 0.001 to about 0.15. 



2054. The method of claim 2039, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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2055. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2056. The method of claim 2039, wherein the produced mixture ccjmprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 



basis, of the condensable hydrocarbons is sulfur. 



/ 



10 2057. The method of claim 2039, wherein the produced inixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 3fJ % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 5 2058. The method of claim 2039, wherein ther produced mixture comprises condensable 
hydrocarbons, and wherein greater than abo^t 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2059. The method of claim 2039, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein less than afeout 5 % by weight of the condensable 

hydrocarbons comprises multi-ring afromatics with more than two rings. 

2060. The method of claim 203% wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less t£an about 0.3 % by weight of the condensable 

25 hydrocarbons are asphaltenes. 

2061 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons arje cycloalkanes. 

30 
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2062. The method of claim 2039, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
5 condensable component. 



2063. The method of claim 2039, wherein the produced^nixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



10 2064. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2065. The method of claim 2039, further comprising controlling a pressure within at 
least a majority of the selected section of th/ formation, wherein the controlled pressure 

15 is at least about 2.0 bar absolute. 

2066. The method of claim 2039, furtner comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



20 



2067. The method of claim 2066, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



2068. The method of claim 2039, further comprising altering a pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 2f5. 



2069. The method of claim 2039, further comprising controlling formation conditions 
by recirculating a portion df hydrogen from the mixture into the formation. 

30 

2070. The method of claib 2039, further comprising: 
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providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

207 1 . The method of claim 2039, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensabli hydrocarbons with at least a 

portion of the produced hydrogen. 



10 2072. The method of claim 2039, wherein allowing/the heat to transfer comprises 



increasing a permeability of a majority of the selep^ed section to greater than about 100 
millidarcy. j 

/ 

2073. The method of claim 2039, wherein blowing the heat to transfer further 
15 comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 




2074. The method of claim 2039, ftnther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



2075. The method of claim 2039, wherein producing the mixture comprises producing 
the mixture in a production wen, and wherein at least about 7 . heat sources are disposed in 
the formation for each production well. 

25 2076. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

30 2077. The method of claim 2039, further comprising providing heat from three or more 
heat sources to at least i portion of the formation, wherein three or more of the heat 



510 



Conley. Rose & Tayon. P C 



sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

5 2078. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to a selected section of the 
formation; 

allowing the heat to transfer from the one or more heat sourp^s to the selected 
section of the formation; 
10 wherein at least a portion of the selected section has aj/initial moisture content of 

less than about 15%; and 

producing a mixture from the formation. 

2079. The method of claim 2078, wherein the one A more heat sources comprise at 
15 least two heat sources, and wherein superpositioiVof heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons ^athin the selected section of the 
formation. 

2080. The method of claim 2078, furthe/ comprising maintaining a temperature within 
20 the selected section within a pyrolysis temperature range. 

208 1 . The method of claim 2078, Wherein the one or more heat sources comprise 
electrical heaters. 

25 2082. The method of claim 2078, wherein the one or more heat sources comprise 
surface burners. 



30 



2083. The method of claim 20/78, wherein the one or more heat sources comprise 
flameless distributed combustojrs. 
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2084. The method of claim 2078, wherein the one or more heat sources comprise natural 
distributed combustors. 

2085. The method of claim 2078, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



2086. The method of claim 2078, further comprising controlling the heat such that an 
10 average heating rate of the selected section is less than about 1 °C per day during 

pyrolysis. 

2087. The method of claim 2078, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

15 heating a selected volume (V) of the coal formation from the one or more heat 

sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
20 Pwr = h*V*C v *p B 

wherein Pwr is the heating diergy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
■ °C/day. 

25 2088. The method of claim 2078, wherein allowing the heat to transfer comprises 
transferring heat substantially/by conduction. 

f 

2089. The method of claini 2078, wherein providing heat from the one or more heat 
sources comprises heating Ahe selected section such that a thermal conductivity of at least 
30 a portion of the selected section is greater than about 0.5 W/(m °C). 
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2090. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2091 . The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



10 



2092. The method of claim 2078, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of euiene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to a&out 0.15. 



15 



2093. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2094. The method of claim 2078, whereiri the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbon/is oxygen. 



20 2095. The method of claim 2078, Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2096. The method of claim/2078, wherein the produced mixture comprises condensable 
25 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



2097. The method of c aim 2078, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wheiein greater than about 20 % by weight of the condensable 
hydrocarbons are aroma tic compounds. 



\ 
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2098. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

5 

2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes, / 

10 21 00. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2101. The method of claim 2078, wherein the produced mixture comprises a non- 
15 condensable component, wherein the ncm-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

20 2 1 02. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2 1 03. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein the ammonia' is used to produce fertilizer. 



25 



2 1 04. The method of claim 2078, further comprising controlling a pressure within at 
least a majority of the Selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 
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2 1 05. The method of claim 2078, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

5 2 1 06. The method of claim 2 1 05, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well./ 

2107. The method of claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons/from the formation having carbon 

1 0 numbers greater than about 25. 

2108. The method of claim 2078, further comprising controlling formation conditions 
by recirculating a portion of hydrogen frojn the mixture into the formation. 

15 2109. The method of claim 2078, turttter comprising: 

providing hydrogen (H2) to th^f heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sec^on with heat from hydrogenation. 

20 2110. The method of claim 207>B, further comprising: 

producing hydrogen ana condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

25 211 1. The method of claim 2078, wherein allowing the heat to transfer comprises 

increasing a permeability p a majority of the selected section to greater than about 100 
millidarcy. 



2112. The method of 
30 comprises substantial!^ uniformly 
section. 



aim 2078, wherein allowing the heat to transfer further 

increasing a permeability of a majority of the selected 
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2113. The method of claim 2078, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

5 2114. The method of claim 2078, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2115. The method of claim 2078, further comprising providing heat from three or more 
10 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of hey sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2116. The method of claim 2078, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a Unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, suid wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

20 2117. A method of treating a coaj/formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; j 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
25 wherein the selected Section is heated in a reducing environment during at least a 

portion of the time that the selected section is being heated; and 
producing a mixture from the formation. 

21 18. The method of claim 2117, wherein the one or more heat sources comprise at 
30 least two heat sources, alnd wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2119. The method of claim 2117, further comprising maintaining a temperature within 
5 the selected section within a pyrolysis temperature range. 

2120. The method of claim 2117, wherein the one or more heat sources comprise 
electrical heaters. 

10 2121. The method of claim 2117, wherein the one or riiore heat sources comprise 
surface burners. 

2122. The method of claim 2117, wherein the one or more heat sources comprise 



15 



flameless distributed combustors. j 



2123. The method of claim 2117, whereiy the one or more heat sources comprise natural 
distributed combustors. 

2124. The method of claim 2117, further comprising controlling a pressure and a 
20 temperature within at least a majori^ of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 



2125. The method of claim Tt\ 1 7, further comprising controlling the heat such that an 

25 average heating rate of the selected section is less than about 1 °C per day during 

pvrolvsis. / 

/ 



2126. The method of cl^im 2117, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 
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heating a selected volume (10 of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ). and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr 9 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/day. 



2127. The method of claim 2117, wherein allowing 
transferring heat substantially by conduction. 



the heat to transfer comprises 



2128. The method of claim 2117, wherein providing heat from the one or more heat 
15 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater/than about 0.5 W/(m °C). 



20 



2129. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity pf at least about 25°. 

2130. The method of claim 2117/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 



2131. The method of claim 2117, wherein the produced mixture comprises non- 
condensable hydrocarbons, ahd wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



30 



2132. The method of claitn 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and where/n less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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2133. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

5 

2 1 34. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

10 2135. The method of claim 2117, wherein the produced l^iixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 3QT % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

15 2136. The method of claim 2117, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein greater than aboiji 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2137. The method of claim 2117, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2138. The method of claim 2117./ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

25 hydrocarbons are asphaltenes. / 

2139. The method of claim 21 1 7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

30 
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2140. The method of claim 2117, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

2141. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the pr^uced mixture is ammonia. 

2142. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



2143. The method of claim 2117, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 

15 is at least about 2.0 bar absolute. 

2 1 44. The method of claim 2117, furthetfcomprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H 2 within the mixture is greater than 
about 0.5 bar. 



2145. The method of claim 2 1 44, wherein the partial pressure of H 2 within the mixture 
is measured when the mixture is atya production well. 



2 1 46. The method of claim 2117, further comprising altering a pressure within the 
25 formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2 1 47. The method of claim 21 1 7, further comprising controlling formation conditions 
by recirculating a portion of hVdrogen from the mixture into the formation. 



2148. The method of clairW21 1 7, further comprising: 
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providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 

5 2149. The method of claim 2117, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

10 2150. The method of claim 2117, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected secjaon to greater than about 100 
millidarcy. 

2151. The method of claim 2117, wherein allowing/the heat to transfer comprises 
15 substantially uniformly increasing a permeability of a majority of the selected section. 

2152. The method of claim 2117, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hwrocarbons, as measured by Fischer Assay. 

20 2153. The method of claim 2117, wherein producing the mixture comprises producing 
the mixture in a production well, and wtyfcrein at least about 7 heat sources are disposed in 
the formation for each production welL 

2 1 54. The method of claim 2117, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2155. The method of claim 2117, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2 1 56. A method of treating a coal formation in situ, comprising: 

heating a first section of the formation to produce a mixture from the formation; 
heating a second section of the formation; and 

/ 

recirculating a portion of the produced mixture frorri the first section into the 
second section of the formation to provide a reducing en/ironment within the second 
section of the formation. 

2157. The method of claim 21 56, further comprising maintaining a temperature within 
the first section or the second section within a pytolysis temperature range. 



2158. The method of claim 2156, wherein heating the first or the second section 
1 5 comprises heating with an electrical heater. 

2 1 59. The method of claim 21 56, wherein heating the first or the second section 
comprises heating with a surface burner 

20 2 1 60. The method of claim 2156, Wherein heating the first or the second section 
comprises heating with a flamelessrtiistributed combustor. 

2161. The method of claim 2 1 56, wherein heating the first or the second section 
comprises heating with a natural distributed combustor. 



25 



30 



2162. The method of claim 21'56, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 
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2 1 63 . The method of claim 2156, further comprising controlling the heat such that an 
average heating rate of the first or the second section is less than about 1 °C per day 
during pyrolysis. 



5 2 1 64. The method of claim 2156, wherein heating the first or the second section 
comprises: r 

heating a selected volume ( JO of the coal formation from one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
10 wherein heating energy/day provided to the volunje is equal to or less than Pmt, 

wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is afi average heating rate of the 
formation, p B is formation bulk density, and wherejn the heating rate is less than about 10 

15 °C/day. 

2 1 65. The method of claim 2 1 56, wherein heating the first or the second section 
comprises transferring heat substantially bwconduction. 

20 2 1 66. The method of claim 2156, wherein heating the first or the second section 

comprises heating the first or the second section such that a thermal conductivity of at 
least a portion of the first or the second section is greater than about 0.5 W/(m °C). 

2 1 67. The method of claim 2156, wherein the produced mixture comprises condensable 
25 hydrocarbons having an API gravity of at least about 25°. 

2 1 68. The method of claim 2 1 56, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are qlefins. 

30 
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2 1 69. The method of claim 2156, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

5 2170. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whert calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

2171. The method of claim 2 1 56, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight when calculated on an atomic 

basis, of the condensable hydrocarbons is oxygen. / 

2172. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

1 5 basis, of the condensable hydrocarbons is sulfur. 

2173. The method of claim 2156. wherein^ the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

20 containing compounds comprise phenols. 

2 1 74. The method of claim 2 1 56/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

25 / 

2175. The method of claim 2fl 56, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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21 76. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 2177. The method of claim 2 1 56, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 3(3 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2 1 78. The method of claim 2 1 56, wherein the prodi/ced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 %/by volume of the non-condensable 
component, and wherein the hydrogen is less tjlan about 80 % by volume of the non- 
condensable component. 

15 2 1 79. The method of claim 2 1 56, whereiA the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2180. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



20 



2181. The method of claim 2 1 56,/further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 



25 2 1 82. The method of claim 2 1 j>6, further comprising controlling formation conditions to 



produce the mixture, wherein a 
about 0.5 bar. 



partial pressure of H2 within the mixture is greater than 



2183. The method of claim 2 
30 is measured when the mixture 



1 82, wherein the partial pressure of H2 within the mixture 
is at a production well. 
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21 84. The method of claim 21 56, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



5 2185. The method of claim 2156, further comprising: 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section; and / \ 

heating a portion of the first or second section yfath heat from hydrogenation. 

10 2186. The method of claim 2156, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

15 2187. The method of claim 2 1 56, wherein heating the first or the second section 
comprises increasing a permeability of /majority of the first or the second section to 
greater than about 100 millidarcy. 

2188. The method of claim 2156, wherein heating the first or the second section 
20 comprises substantially uniformly^ncreasing a permeability of a majority of the first or 
the second section. 



25 



21 89. The method of claim 2166, further comprising controlling the heat to yield greater 



than about 60 % by weight of 



2190. The method of claim 2 



ondensable hydrocarbons, as measured by Fischer Assay. 



56, wherein producing the mixture comprises producing 

j 

the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



30 2191. The method of claim 2 
heat sources to at least a 



156, further comprising providing heat from three or more 
portibn of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2192. The method of claim 2156, further comprising providing heat from three or more 
5 heat sources to at least a portion of the formation, whefrein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive/pattern of units. 

10 2193. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat /ources to at least a portion of the 
formation; and 

allowing the heat to transfer from thfe one or more heat sources to a selected 
section of the formation such that a permeability of at least a portion of the selected 
15 section increases to greater than about 100 millidarcy. 



20 



2194. The method of claim 2193, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



2195. The method of claim 2193/ further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



25 2 1 96. The method of claim 2 1 93, wherein the one or more heat sources comprise 
electrical heaters. 



30 



2 1 97. The method of claim 2 1 9J3, wherein the one or more heat sources comprise 
surface burners. 
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2198. The method of claim 2193, wherein the one or more heat sources comprise 
flameless distributed combustors. 



2199. The method of claim 2193, wherein the one or more heat sources comprise natural 
5 distributed combustors. 



10 



2200. The method of claim 2193, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature/ or the temperature is controlled as 
a function of pressure. 



15 



20 



25 



2201. The method of claim 2193, further comprising controlling the heat such that an 
average heating rate of the selected section is l^ss than about 1 °C per day during 
pyrolysis. 

2202. The method of claim 2193, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)oi the coal formation from the one or more heat 
sources, wherein the formation has an/ average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day/provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the aquation: 

Pwr = h*V*C*p B \ 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk c/ensity, and wherein the heating rate is less than about 10 
°C/day. 



2203. The method of claim 219 
transferring heat substantially by 



30 



3, wherein allowing the heat to transfer comprises 
conduction. 
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2204. The method of claim 2193, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



5 2205. The method of claim 2193, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2206. The method of claim 2 193, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2207. The method of claim 2193, further Comprising producing a mixture from the 
15 formation, wherein the produced mixture/comprises non-condensable hydrocarbons, and 

wherein a molar ratio of ethene to ethar^e in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



2208. The method of claim 2193, ftirther comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

condensable hydrocarbons is niti/ogen. 



wherein less than about 1 % by weight, when calculated on an atomic basis, of the 



25 



2209. The method of claim 2 193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 

weight, when calculated on an atomic basis, of the 
cygen. 



wherein less than about 1 % byj 
condensable hydrocarbons is o 



2fl 93 



2210. The method of claim 
30 formation, wherein the produded 



further comprising producing a mixture from the 
mixture comprises condensable hydrocarbons, and 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

• 22 1 1 . The method of claim 2 1 93, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the oohdensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

10 2212. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

15 2213. The method of claim 2193, further /comprising producing a mixture from the 
formation, wherein the produced mixture/comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight or the condensable hydrocarbons comprises multi- 
ring aromatics with more than two ring/. 

20 2214. The method of claim 2193, fqfaher comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by ^eight of the condensable hydrocarbons are 
asphaltenes. 

25 2215. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the producer! mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight tp about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



30 2216. The method of claim /Z193, further comprising producing a mixture from the 
formation, wherein the prodiiced mixture comprises a non-condensable component, 
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wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



2217. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2218. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ^mmonia, and wherein the ammonia 
is used to produce fertilizer. 

2219. The method of claim 2193, further comprising controlling a pressure within at 
least a majority of the selected section of theyrormation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

2220. The method of claim 2193, further comprising controlling formation conditions to 
produce a mixture from the formation,/wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

222 1 . The method of claim 2220 /further comprising producing a mixture from the 
formation, wherein the partial pressure of H 2 within the mixture is measured when the 
mixture is at a production well. 

2222. The method of claim 2193, further comprising altering a pressure within the 
formation to inhibit production/ of hydrocarbons from the formation having carbon 
numbers greater than about 251 



2223. The method of claim 2193, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the forriation. 
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2224. The method of claim 2193, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 
5 heating a portion of the section with heat from hydrogenation. 

2225. The method of claim 2 193, further comprising: , 
producing hydrogen and condensable hydrocarbon/from the formation; and 
hydro genating a portion of the produced conden: hydrocarbons with at least a 

10 portion of the produced hydrogen. 

2226. The method of claim 2 1 93, further comprising increasing a permeability of a 
majority of the selected section to greater than aMout 5 Darcy. 

15 2227. The method of claim 2193, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2228. The method of claim 2193, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

20 

2229. The method of claim 2 1 93, further comprising producing a mixture in a 
production well, wherein at least ^ibout 7 heat sources are disposed in the formation for 
each production well. 

25 2230. The method of claim 2/193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

30 223 1 . The method of claim 2193, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

5 2232. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; and / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that a permeability of a majority of at least a portion of the 
10 selected section increases substantially uniformly. 

2233. The method of claim 2232, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 

15 formation. 

2234. The method of claim 2252, further comprising maintaining a temperature within 
the selected section within a pvrolysis temperature range. 

20 2235. The method of claiiyi 2232, wherein the one or more heat sources comprise 
electrical heaters. 

2236. The method of c^laim 2232, wherein the one or more heat sources comprise 
surface burners. 

25 

2237. The method off claim 2232, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2238. The method /of claim 2232, wherein the one or more heat sources comprise natural 
30 distributed combus ors. 



533 



Coniey, Rose & Tayon, P.C. 



2239. The method of claim 2232, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

5 

2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected section is less pan about 1 °C per day during 
pyrolysis. 

1 0 224 1 . The method of claim 2232, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the/coal formation from the one or more heat 
sources, wherein the formation has an aveyage heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
15 wherein heating energy/day provided to the volume is equal to or less than Pur. 

wherein Pwr is calculated by the equat/on: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating enfergy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
20 °C/day. 

2242. The method of claim 223z, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



25 2243. The method of claim 2232, wherein providing heat from the one or more heat 



sources comprises heating the 
a portion of the selected sectio 



selected section such that a thermal conductivity of at least 
is greater than about 0.5 W/(m °C). 



2244. The method of claim 
30 formation, wherein the produ 
API gravity of at least about J>5 C 



232, further comprising producing a mixture from the 
ed mixture comprises condensable hydrocarbons having an 
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2245. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 



10 



2246. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-copdensable hydrocarbons ranges 
from about 0.001 to about 0.15. 



15 



2247. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when,calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



20 



2248. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixtu/e comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxyger 



2249. The method of claim 2232( further comprising producing a mixture from the 
formation, wherein the produced^ mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by/weight, when calculated on an atomic basis, of the 

25 condensable hydrocarbons is sulfur. 

2250. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produc ed mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 

30 oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 
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225 1 . The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 

5 compounds. 

2252. The method of claim 2232, further comprisin^producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the coiidensable hydrocarbons comprises multi- 

] 0 ring aromatics with more than two rings. / 

2253. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture/comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 

15 asphaltenes. / 

2254. The method of claim 2232, Anther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to About 30 % by weight of the condensable hydrocarbons 

20 are cycloalkanes. / 

2255. The method of clainv2232, further comprising producing a mixture from the 
. formation, wherein the produced mixture comprises a non-condensable component, 

wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
25 greater than about 10 %/by volume of the non-condensable component, and wherein the 
hydrogen is less than apout 80 % by volume of the non-condensable component. 

2256. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 

30 about 0.05 % by weight of the produced mixture is ammonia. 
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2257. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



5 2258. The method of claim 2232, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 



10 



is at least about 2.0 bar absolute. 



tL6r 



/ 



2259. The method of claim 2232, further comprising controlling formation conditions to 
produce a mixture from the formation, whereip a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 



2260. The method of claim 2232, further/comprising producing a mixture from the 
formation, wherein the partial pressure 0/H2 within the mixture is measured when the 

15 mixture is at a production well. 

2261 . The method of claim 2232, further comprising altering a pressure within the 
formation to inhibit production of tjydrocarbons from the formation having carbon 
numbers greater than about 25. 

20 

2262. The method of claim 22^2, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

25 2263. The method of clairfi 2232, further comprising: 

providing hydroge^ (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion cff the section with heat from hydrogenation. 



30 2264. The method of clkim 2232, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2265. The method of claim 2232, wherein allowing the heat to transfer comprises 

5 increasing a permeability of a majority of the selected section to greater than about 100 

millidarcy. / 

'\ 

\ 

, \ 

2266. The method of claim 2232, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2267. The method of claim 2232, filmier comprising producing a mixture in a 
production well, wherein at least abcput 7 heat sources are disposed in the formation for 
each production well. 

1 5 2268. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

20 2269. The method of claim 2232, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in thp formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the foijrnation to form a repetitive pattern of units. 

25 

2270. A method of treating a coal formation in situ, comprising: 

providing he£t from one or more heat sources to at least a portion of the 
formation; and 

allowing tlW heat to transfer from the one or more heat sources to a selected 
30 section of the foimation such that a porosity of a majority of at least a portion of the 
selected section increases substantially uniformly. 
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2271 . The method of claim 2270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons ^vithin the selected section of the 

5 formation. 

2272. The method of claim 2270, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

10 2273. The method of claim 2270, wherein the one or more heat sources comprise 
electrical heaters. 

2274. The method of claim 2270, ^vherein the one or more heat sources comprise 
surface burners. 

15 

2275. The method of claim 2270, wherein the one or more heat sources comprise 
flameless distributed combustors. 

2276. The method of claim ^270, wherein the one or more heat sources comprise natural 
20 distributed combustors. 



2277. The method of claim 2270, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 

25 a function of pressure. 

2278. The method of (Jlaim 2270, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



30 
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2279. The method of claim 2270, wherein providing heat from the one or more heat 

sources to at least the portion of formation comprises: 

/ 

heating a selected volume (V) of the coal^formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
5 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided/to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energV/day, h is an average heating rate of the 
10 formation, p B is formation bulk density,yand wherein the heating rate is less than about 1 0 
°C/day. 



2280. The method of claim 2270, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

15 

228 1 . The method of claim 22^0, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

20 2282. The method of claim 2270, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2283. The method ofyclaim 2270, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 0.1 °/(/by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2284. The metho^ of claim 2270, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
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wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2285. The method of claim 2270, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

/ 

condensable hydrocarbons is nitrogen. 

2286. The method of claim 2270, further comprising/producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2287. The method of claim 2270, further comprising producing a mixture from the 
1 5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, wheiycalculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2288. The method of claim 2270, furthey comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 

about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
. phenols. 

25 2289. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

30 2290. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the producecf mixture comprises condensable hydrocarbons, and 
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wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 



5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 



2292. The method of claim 2270, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 5 % by weight to about 30 % by weighyof the condensable hydrocarbons 
are cycloalkanes. / 

2293. The method of claim 2270, further comprising producing a mixture from the 
1 5 formation, wherein the produced mixture comprises a non-condensable component, 

wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of tne non-condensable component. 

20 2294. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2295. The method of claim 2270, further comprising producing a mixture from the 

25 formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2296. The method of claim 2270, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 

30 is at least about 2.0 bar absolute. ' 



2291 . The method of claim 2270, further comprising producing a mixture from the 
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2297. The method of claim 2270, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 
is greater than about 0.5 bar. 

5 2298. The method of claim 2 1 93, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 

2299. The method of claim 2 1 93, further comprising altering a pressure within the 
10 formation to inhibit production of hydrocarbons from the foijmation having carbon 

numbers greater than about 25. 

2300. The method of claim 2193, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 

1 5 from the mixture into the formation. 

2301 . The method of claim 2270, further comprising: 
providing hydrogen (H2) to the heated section p hydrogenate hydrocarbons 

within the section; and 
20 heating a portion of the section with heat froxA hydrogenation. 

2302. The method of claim 2270, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced ccpdensable hydrocarbons with at least a 

25 portion of the produced hydrogen. 

2303. The method of claim 2270, wherein allowlhg the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

30 
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2304. The method of claim 2270, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2305. The method of claim 2270, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2306. The method of claim 2270, further comprising producing a mixture in a 
production well, and wherein at leap about 7 heat sources are disposed in the formation 
for each production well. 

2307. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2308. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the/formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2369r- A method of treating a c o al f u inialion in situ, comprising: 

providing heat from one or more heat sources to at least a portion o| 
formation; 

allowing the heat to transfer from the one or jper^Tieat sources to a selected 
section of the formation; and 

controlling the heat to yielj^atleast about 15 j% by weight of a total organic 
carbon content of at leas^scfme of the coal formation into condensable hydrocarbons. 



23 lO^^FKe method of claim 2309, wherein the one or more heat sources comprise at 
leistTWoTieat sources, and wherein <;ilpeTp*n^^ fW> m a t least the two heal — 
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sfttirft gs .pyrol yr' i nt lrnrrt snmr hy i l i in . ii linn ' lTn thin the lelertrd T"Mi« i n nT l l h * 

formation. / 

2311. The method of claim 2309, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. / 

23 12. The method of claim 2309, wherein the one or more hear'sources comprise 
electrical heaters. / 

23 13. The method of claim 2309, wherein the one or more heat sources comprise 
surface burners. / 

23 14. The method of claim 2309, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

23 1 5. The method of claim 23QJ9, wherein the one or more heat sources comprise natural 
distributed combustors. / 

23 16. The method of claim 2309, further comprising controlling a pressure and a 
temperature within atieast a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

23 1 7. The method of claim 2309, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysj's. 

23/8. The method of claim 2309, wherein providing heat from the one or more heat 
p urees to a Ugastjti&j jortion of form a ti oru^HIlErises: 
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he ating a selected volume (E) u f the iu dl funudlRm fium -t he one o r more heat 
sources, wherein the formation has an average heat capacity (Cj^and^fierein the heating 
pyrolyzes at least some hydrocarbons within the^electeH^volume of the formation; and 

wherein heating energy/da}^ppcf^i3ed to the volume is equal to or less than Pwr, 
wherein Pwr is calculatgd^the equation: 

Pwr = h?V*Cv*p B 

wji^fein Pwr is the heating energy/day, h is an average heating rate of the 
forrpduon, p B is formation bulk density, and wherein the heating rate is less than about 1 0 



2^9. The method of claim 2^#, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



20 



25 



232$r- : Fhe'method of claim 2309, wherein providing heat from the < 
sources comprises heatingJhe-seleeted^cTion such that a thermal conductivity of at least 
a^grirofroFihe^ clc cl cd scaiuii is grealer than ab miTO^-W/firr^Cj; 

& J 

2y2\ . The method of claim 2JftJ9, further comprising producing a mixture from the 
Tormation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 



23J2 



30 



The method of claim 2^9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

J!* \ 

2^3. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the prodiieed mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 
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15 



' The method of claim 2^09, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons, and 



wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

$ i 

2^r5. The method of claim 2^09, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



2^to. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 



2'Jl 



. The method of claim 2^9, further comprising producing a mixture from the 



formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
20 phenpls. 



2^8. The method of claim 2j$9, further comprising producing a mixture from the 



2^9 



formation, wherein the produced mixture comprises condensable hydrocarbons, and 
w herein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
25 compounds. 

t J 

2339. The method of claim ^09, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
30 ring aromatics with more than two rings. 
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2^0. The method of claim 23^; further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2jjs\ . The method of claim 2109, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2332. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
15 hydrogen is less than about 80 % by yolume of the non-condensable component. 

^ X 

2373. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

23^#. The method of claim 2^09, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



2965. 1 ne meihod of claim 2 309, fmlliei co mprising con trollinglT eiSS siire within -aP* 
least a majority-efthe~sHec^ of the formation, wherein the controlled pressure 

ibout 2.0 bar absolute -. — — - 

2^6. The method of claim 23^J, further comprising controlling formation conditions to 
30 produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 
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2337. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein me partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 



2^8. The method of claim ^09, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



2^|P i 



iim2^9 



The method of claim 2J*09, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 




2340. The method of claim 2309, further comprising: 

providing hydrogen (H 2 ) to the heate^ection to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section With heat from hydrogenation. 



234 1 . The method of claim 2309/turUier comprising: 
20 producing hydrogen and>6ondensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2332r^The method of claim 2309, wh e r e in alluwing the heat to transfer rompttg 
^ Ml x 25 increasin S a Permeability of a majority of the selected^ectifin^^ 1 00 

millidarcy. 



30 



2343. Tbe-itiethod of claim 2309, wherein allowing the heat to transfer comprises 
Is^mMIy uniformly increasing a permeability oTTmajority of the selected section* 
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2^4. The method of claim 23^0, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

> i 

2^5. The method of claim 2309, further comprising producing a mixture in a 
5 production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

23A6. The method of claim further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
10 sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2^47. The method of claim 2^09, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
15 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



i 



A method of treating a coal formation in situ, comprising: 



20 providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more he*£<s<5urces to a selected 
section of the formation; and 

controlling the heat to yield greatej^hSn about 60 % by weight of condensable 
25 hydrocarbons, as measured by Fisph€r \ssay. 



30 



2349. The metho^-m claim 2348, wherein the one or more heat sources comprise at 
least two he^fsources. and wherein superposition of heat from at least the two heat 
sourc^^yrolyzes at least some hydrocarbons within the selected section of the 
formation. 
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23 50. Th e m r Uiu i J uf rlOT m / HK, tiirthfr comprising mRinT^tTTm^iH^mp^nti^ within 
the selected section within a pyrolysis temperature range. 

2351. The method of claim 2348, wherein the one or more heat sources compris^ 
5 electrical heaters. / 

2352. The method of claim 2348, wherein the one or more heat soup<5es comprise 
surface burners. / 

10 2353. The method of claim 2348, wherein the one or m^re heat sources comprise 
flameless distributed combustors. / 

2354. The method of claim 2348, wherein the^one or more heat sources comprise natural 
distributed combustors. / 

15 / 

2355. The method of claim 2348, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

20 / 

2356. The method of claim 2348, further comprising controlling the heat such that an 
average heating rate/Sf the selected section is less than about 1 °C per day during 
pyrolysis. / 

25 2357. The method of claim 2348, wherein providing heat from the one or more heat 
sources tor at least the portion of formation comprises: 

/neating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
30 / wherein heating energy/day provided to the volume is equal to or less than Pwr, 
^wherein fiwr is calculated by the equation: ^ 
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Fw-h^^m 

wherein Pwr is the heating energy/day. h is an average heating ra tgji£4he^'^ 



fonna^on^nsformation density, and wherein the heating rate is less than about 1 0 




2^8. The method of claim 23^8, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



1359. The method of claim 2i4#, wherein^providgg_hfiat from the one=6f*ffiore heat 
10 sources comprises hgatiag-the~selected section such that a thermal conductivity of at least 
a yirt i n n rtfttie selected -seetiCn is gfgatecjh an about 0.5 W/(m ° C). 

2^/60. The method of claim ^^8, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
15 API gravity of at least about 25°. 

2^61 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
20 are olefins. 

23^2. The method of claim ^18, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
25 from about 0.001 to about 0.15. 



2^53. The method of claim 2^8, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
30 condensable hydrocarbons is nitrogen. 
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The method of claim 23518, 



23^1. The method of claim further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hvdrocarbons is oxygen. 

21£5. The method of claim further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

23^0. The method of claim 2^/F8, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



j 1 - ■* 



The method of claim 2]A&, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 




The method of claim ^48, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2^9. The method of claim 2M8, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 
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6. The method of claim 2^8, f 



23^0. The method of claim 2^#8, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2371 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture Comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % Joy volume of the non-condensable component. 

2772, The method of claim 2#*%, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2^8,: 

formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



2y/3. The method of claim 2^*8, further comprising producing a mixture from the 



2394. The-method or claim further comprising controlling-a-pi^Ss!^^ at 
least a majority of the selected sectign-o£theionn^ wherein the controlled pressure 
is at leasLabout-2^^arabsolute. 

2^f5. The method of claim 23^f8, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

2376. The method of claim/2348, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a production well. 
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231rf. The method of claim 234&, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2378. The method of claim 2348, further comprising producing a mixture from \h& 
formation and controlling formation conditions by recirculating a portion o£hydrogen 
from the mixture into the formation. 

2379. The method of claim 2348, further comprising/^ 

providing hydrogen (H2) to the heated spefion to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the seetfon with heat from hydrogenation. 

2380. The methpd'of claim 2348, further comprising: 

practicing hydrogen and condensable hydrocarbons from the formation; and 
./nydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

23*4-^Uiemethod of claim 2348, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected sectionjo^peateftfian about 100 
millidarcy. 

2382^TheTnethod of claim 2348, wherein allowing the heat to transfer comprises 
rct^^ti^ty-Tii^i^fn ^y jnrr^ing n prrmrnbi li ty of a tr mjgrity of the selected section. 

The method of claim 23/re,Turther comprising producing a mixture in a 
roduction well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

f 

j48, f 

heat sources to at least a portion of the formation, wherein three or more of the heat 




The method of claim 2^48, further comprising providing heat from three or more 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



7* 

>3*5. T 



2^8, fu 



23>5. The method of claim 2^8, further comprising providing heat from three or more 
Beat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



10 2386. A method of treating a coal formation in situ, comprising: 

heating a first sectijon of the formation to pyrolyze at least some hydrocarbons in 
the first section and produce a first mixture from the formation; 

heating a second section of the formation to pyrolyze at least some hydrocarbons 
in the second section and produce a second mixture from the formation; and 
1 5 leaving an unpyrolyzed section between the first section and the second section to 

inhibit subsidence of tne formation. 



20 



2387. The method o 
the first section or the 



claim 2386, further comprising maintaining a temperature within 
second section within a pyrolysis temperature range. 



2388. The method df claim 2386, wherein heating the first section or heating the second 
section comprises heating with an electrical heater. 



2389. The method/of claim 2386, wherein heating the first section or heating the second 
25 section comprises Heating with a surface burner. 



2390. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating with a flameless distributed combustor. 



30 2391. The 

section comprises 



mettfod of claim 2386, wherein heating the first section or heating the second 
heating with a natural distributed combustor. 
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15 



20 



2392. The method of claim 2386, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. j 

2393. The method of claim 2386, further comprising controlling the heat such that an 
average heating rate of the first or second jsection is less than about 1 °C per day during 
pyrolysis. 



2394. The method of claim 2386, whe/ein heating the first section or heating the second 
section comprises: 

heating a selected volume (F) pf the coal formation from one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons wdthin the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

p wr = h*V*C v *p B 

wherein Pwr is the heating/energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 1 0 

°C/dav. 



25 



2395. The method of claim 2386, wherein heating the first section or heating the second 
section comprises transferring heat substantially by conduction. 

2396. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section, respectively, is greater than about 0.5 W/(m °C). 



30 2397. The method of claim 2386, wherein the first or second mixture comprises 



condensable hydrocarbon^ 



having an API gravity of at least about 25 c 
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2398. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein about 0./1 % by weight to about 1 5 % by weight 
of the condensable hydrocarbons are olefins. / 



2399. The method of claim 2386, wherein \hj first or second mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2400. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

2401 . The method of claim 2386, whejrein the first or second mixture comprises 
15 condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 

on an atomic basis, of the condensable hydrocarbons is oxygen. 



20 



2402. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 



25 



2403. The method of claim 2386J wherein the first or second mixture comprises 
condensable hydrocarbons, wherejln about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds domprise phenols. 



30 



2404. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, an£ wherein greater than about 20 % by weight of the 
condensable hydrocarbons arel aromatic compounds. 
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2405. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



5 2406. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 % by weight of the 



condensable hydrocarbons are asphaltenes. 



/ 



10 



15 



2407. The method of claim 2386, wherein the^first or' second mixture comprises 
condensable hydrocarbons, and wherein about^S % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 



2408. The method of claim 2386, wherein the first or second mixture comprises a non- 
condensable component, and whereinihe non-condensable component comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and wherein the hydrogen is less than about 80 % by volume of 
the non-condensable component; 



2409. The method of claim 2386, wherein the first or second mixture comprises 
20 ammonia, and wherein greafer than about 0.05 % by weight of the first or second mixture 
is ammonia. 



25 



2410. The method of clkim 2386, wherein the first or second mixture comprises 
ammonia, and wherein ythe ammonia is used to produce fertilizer. 

241 1 . The method of claim 2386, further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least apout 2.0 bar absolute. 
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2412. The method of claim 2386, further comprising controlling formation conditions to 
produce the first or second mixture, wherein a partial pressure of H2 within the first or 
second mixture is greater than about 0.5 bar. 

5 2413. The method of claim 2386, wherein a partial pressure of H2 within the first or 
second mixture is measured when the first or second mixture/is at a production well. 



2414. The method of claim 2386, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 

10 numbers greater than about 25. / 

241 5. The method of claim 2386, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the/first or second mixture into the formation. 

15 2416. The method of claim 2386, further comprising: 

providing hydrogen (H2) to the firsyor second section to hydrogenate 
hydrocarbons within the first or second section, respectively; and 

heating a portion of the first or second section, respectively, with heat from 
hydrogenation. / 
20 / 

24 1 7. The method of claim 2386, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
25 / 

2418. The method of claim 2386, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about 100 millidarcy. 
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2419. The method of claim 2386, wherein heating the first section or heating the second 
section comprises substantially uniformly increasing a permeability of a majority of the 
first or second section, respectively. 

5 2420. The method of claim 2386, further comprising controlling heating of the first or 
second section to yield greater than about 60 % by weight of condensable hydrocarbons, 
as measured by Fischer Assay, from the first or second section, respectively. 

2421. The method of claim 2386, wherein producing the first or second mixture 

10 comprises producing the first or second mixture in a production well, and wherein at least 
about 7 heat sources are disposed in the formation/or each production well. 

2422. The method of claim 2386, further coitiprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

15 sources are located in the formation in a ujiit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2423. The method of claim 2386, further comprising providing heat from three or more 
heat sources to at least a portion of ^the formation, wherein three or more of the heat 

20 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2424. A method of treatinga coal formation in situ, comprising: 
25 providing heat fron£ one or more heat sources to at least a portion of the 

formation; 

allowing the heat/ to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through one or more production wells. 
30 wherein the heating is/controlled such that the mixture can be produced from the 
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formation as a vapor, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 



2425. The method of claim 2424, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 



2426. The method of claim 2424, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2427. The method of claim 2424, wherein the one or more heat sources comprise 
electrical heaters. / 

2428. The method of claim 2424, wherein the one or more heat sources comprise 
surface burners. / 

2429. The method of claim 2424, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

2430. The method of claim 2424, Wherein the one or more heat sources comprise natural 
distributed combustors. / 

243 1 . The method of claim 2424, further comprising controlling a pressure and a 
temperature within at least a ma/ority of the selected section of the formation, wherein 
the pressure is controlled as a fiinction of temperature, or the temperature is controlled as 
a function of pressure. / 

2432. The method of claim/2424, further comprising controlling the heat such that an 
average heating rate of the sblected section is less than about 1 °C per day during 
pyrolysis. / 
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2433. The method of claim 2424, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from th^ one or more heat 
5 sources, wherein the formation has an average heat capacity (C v )v'and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volum4 of the formation: and 
wherein heating energy/day provided to the volume is^qual to or less than Pwr. 
wherein Pwr is calculated by the equation: / 
p wr = h*V*C v *p B / 
10 wherein Pwr is the heating energy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2434. The method of claim 2424, wherein allowing the heat to transfer comprises 
15 transferring heat substantially by conduction. / 

2435. The method of claim 2424, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

20 / 

2436. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2437. The method of claim 2424; wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein aboui 0. 1 % by weight to about 1 5 % by weight of the 

condensable hydrocarbons are glefins. 

2438. The method of claim 
condensable hydrocarbons, a 

30 condensable hydrocarbons n 



4, wherein the produced mixture comprises non- 
hd wherein a molar ratio of ethene to ethane in the non- 
iges from about 0.001 to about 0.15. 
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2439. The method of claim 2424. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 2440. The method of claim 2424. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

2441 . The method of claim 2424, wherein the produced*] mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. / 

2442. The method of claim 2424, wherein the^produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

15 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 



2443. The method of claim 2424, whe 
hydrocarbons, and wherein greater thai 
20 hydrocarbons are aromatic compounds. 



■ein the produced mixture comprises condensable 
about 20 % by weight of the condensable 



2444. The method of claim i2424Z wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-mng aromatics with more than two rings. 

2445. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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2446. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 2447. The method of claim 2424, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume o^the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 
10 / 

2448. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight o/the produced mixture is ammonia. 

2449. The method of claim 2424, wherein the produced mixture comprises ammonia, 
1 5 and wherein the ammonia is used to produce fertilizer. 

2450. The method of claim 2424, furtherycomprising controlling a pressure within at 
least a majority of the selected section ofthe formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

20 / 

245 1 . The method of claim 2424, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

25 2452. The method of claim 2452, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2453. The method of claim 2424, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
30 numbers greater than about 25. 
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2454. The method of claim 2424. further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2455. The method of claim 2424, further comprising: 

5 providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2456. The method of claim 2424, further comprising: 

10 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the prodded condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2457. The method of claim 2424, wherein allowing the heat to transfer comprises 

1 5 increasing a permeability of a majority of the selected section to greater than about 1 00 
millidarcy. 

2458. The method of claim 2424/wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

20 

2459. The method of claim 2424, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2460. The method of claim/2424, further comprising providing heat from three or more 
25 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

246 1 . The method of claim 2424, further comprising providing heat from three or more 



30 heat sources to at least a 



sources are located in the formation in a unit of heat sources, wherein the unit of heat 



portion of the formation, wherein three or more of the heat 



566 



Conlcy. Rose & Tayon. P C 



sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2462. A method of treating a coal formation in situ, comprising: 

5 providing heat from one or more heat sources to at least a portion of the 

formation, wherein the one or more heat sources are disposed within one or more first 
wells; I 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 
10 producing a mixture from the formation through one or more second wells. 

wherein one or more of the first or second wells fa initially used for a first purpose and 
are then used for one or more other purposes. 

2463. The method of claim 2462, wherein the first purpose comprises removing water 
1 5 from the formation, and wherein the secon^ purpose comprises providing heat to the 

formation. 

2464. The method of claim 2462, whecein the first purpose comprises removing water 
from the formation, and wherein the second purpose comprises producing the mixture. 

20 

2465. The method of claim 2462, wherein the first purpose comprises heating, and 
wherein the second purpose comprises removing water from the formation. 

2466. The method of claim 246 A wherein the first purpose comprises producing the 

25 mixture, and wherein the second/purpose comprises removing water from the formation. 

2467. The method of claim 2^62, wherein the one or more heat sources comprise 
electrical heaters. 

30 2468. The method of claim/2462, wherein the one or more heat sources comprise 
surface burners. 
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2469. The method of claim 2462, wherein the one or more heat sources comprise 
flameless distributed combustors. 



2470. The method of claim 2462, wherein the one or more heat sources comprise natural 
5 distributed combustors. 



10 



2471 . The method of claim 2462, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the/temperature is controlled as 
a function of pressure. 



15 



20 



25 



2472. The method of claim 2462, further comprising controlling the heat such that an 
average heating rate of the selected section is less thaji about 1 .0 0 C per day during 
pyrolysis. 

2473. The method of claim 2462, wherein prov/ding heat from the one or more heat 
sources to at least the portion of the formation comprises: 

heating a selected volume {V) of the cdal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons withi£ the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pur, 
wherein Pwr is calculated by the equatiop: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating eneifey/day, h is an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 

°C/dav. 



2474. The method of claim 2462, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 



30 a portion of the selected section is 



greater than about 0.5 W/(m °C). 
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2475. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2476. The method of claim 2462, wherein the produced mixture comprises condensable 
5 hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 

condensable hydrocarbons are olefins. 

2477. The method of claim 2462, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 

10 condensable hydrocarbons ranges from about 0.001 to about 0A5. 

2478. The method of claim 2462, wherein the produced rmxture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

15 / 

2479. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about I % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

20 2480. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about y% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

248 1 . The method of claim 2462, wherein the produced mixture comprises condensable 
25 hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2482. The method of claim 2462, wherein the produced mixture comprises condensable 
30 hydrocarbons, and wherein greatenthan about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 
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2483. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



2484. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

10 2485. The method of claim 2462, wherein the oroduced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

2486. The method of claim 2462, wherem the produced mixture comprises a non- 
15 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

20 2487. The method of claim 24©2, wherein the produced mixture comprises ammonia, 
and wherein greater than about: 0.05 % by weight of the produced mixture is ammonia. 

2488. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein the ammonia Is used to produce fertilizer. 

25 / 

2489. The method of c/aim 2462, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



5 



/ 
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2490. The method of claim 2462, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pressure of H 2 
within the mixture is greater than about 0.5 bar. 

5 249 1 . The method of claim 2490, wherein the partial pressure of y£ is measured when 
the mixture is at a production well. 

/ 

2492. The method of claim 2462, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from th^Tormation having carbon 

10 numbers greater than abo ut 2 5 . 

2493. The method of claim 2462, further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. j 



15 



20 



2494. The method of claim 2462, further cromprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section^ with heat from hydrogenation. 

2495. The method of claim 2462, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



25 2496. The method of claim 2A62, wherein allowing the heat to transfer comprises 

increasing a permeability of ^majority of the selected section to greater than about 100 
millidarcy. 

2497. The method of claiin 2462, wherein allowing the heat to transfer comprises 
30 substantially uniformly increasing a permeability of a majority of the selected section. 
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2498. The method of claim 2462, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2499. The method of claim 2462, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



10 



2500. The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of hea/sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



2501 . The method of claim 2462, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

15 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ana wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2502. A method for forming heater wells in a coal formation, comprising: 
20 forming a first wellbore in the formation; 

forming a second wellbore An the formation using magnetic tracking such that the 
second wellbore is arranged substantially parallel to the first wellbore; and 

providing at least one heating mechanism within the first wellbore and at least one 
heating mechanism within the second wellbore such that the heating mechanisms can 
25 provide heat to at least a portion of the formation. 



30 



2503. The method of claimf 2502, wherein superposition of heat from the at least one 
heating mechanism within the first wellbore and the at least one heating mechanism 
within the second wellborp pyrolyzes at least some hydrocarbons within a selected 
section of the formation. 
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2504. The method of claim 2502, further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 



2505. The method of claim 2502, wherein the heating mechanisms comprise electrical 
heaters. 



2506. The method of claim 2502, wherein the heating mechanisms comprise surface 
burners. / 

2507. The method of claim 2502, wherein the heating mechanisms comprise flameless 
distributed combustors. / 

2508. The method of claim 2502, wherein the heating mechanisms comprise natural 
distributed combustors. / 

2509. The method of claim 2502, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. / 

25 10. The method of claim 2502, Mrther comprising controlling the heat from the 
heating mechanisms such that heat/transferred from the heating mechanisms to at least 
the portion of the hydrocarbons is less than about 1 °C per day during pyrolysis. 

2511. The method of claim 2502, further comprising: 

heating a selected volume (V) of the coal formation from the heating mechanisms, 
w herein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 




wherein Pwr is calculates by the equation: 
Pwr = h*V*C v *pl 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p 8 is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



25 1 2. The method of claim 2502, further comprising allowing the heat to transfer from . 
the heating mechanisms to at least the portion of the formation substantially by 
conduction. f 



25 13. The method of claim 2502, further comprising providing heat from the heating 
mechanisms to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 

25 14. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 

25 1 5. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

25 16. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2517. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced m/xture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 
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25 1 8. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

5 

25 19. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about I % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

10 / 

2520. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 

15 phenols. / 

252 1 . The method of claim 2502, further composing producing a mixture from the 
formation, wherein the produced mixture comorises condensable hydrocarbons, and 
wherein greater than about 20 % by weight oy the condensable hydrocarbons are aromatic 

20 compounds. / 

2522. The method of claim 2502, furthey comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight 6f the condensable hydrocarbons comprises multi- 

25 ring aromatics with more than two rings. 

2523. The method of claim 2502, rarther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 

30 asphaltenes. / 
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2524. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

5 

2525. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen^ wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 

10 hydrogen is less than about 80 % by volume of the non-condensable component. 

2526. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

15 / 

2527. The method of claim 2502, further compulsing producing a mixture from the 
formation, wherein the produced mixture compnses ammonia, and wherein the ammonia 
is used to produce fertilizer. / 

20 2528. The method of claim 2502, further comprising controlling a pressure within at 
least a majority of a selected section of the/formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. / 

2529. The method of claim 2528, whe/ein the partial pressure of H2 within the mixture 
25 is greater than about 0.5 bar. 

2530. The method of claim 2502, f 
formation, wherein the partial pressi 
mixture is at a production well. / 

30 / 



ler comprising producing a mixture from the 
re of H2 within the mixture is measured when the 
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253 1 . The method of claim 2502, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



5 2532. The method of claim 2502, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2533. The method of claim 2502, further comprising: 
10 providing hydrogen (H2) to the portion to hydrog£nate hydrocarbons within the 

formation; and 

heating a portion of the formation with heat fifbm hydrogenation. 

2534. The method of claim 2502, further comprising: 

15 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2535. The method of claim 2502, furthe^ comprising allowing heat to transfer from the 
20 heating mechanisms to a selected section of the formation to pyrolyze at least some 

hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2536. The method of claim 2502/further comprising allowing heat to transfer from the 
25 heating mechanisms to a selected/section of the formation to pyrolyze at least some 

hydrocarbons within the selected section such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2537. The method of claim £502, further comprising controlling the heat to yield greater 
30 than about 60 % by weight or condensable hydrocarbons, as measured by Fischer Assay. 
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2538. The method of claim 2502 ? further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. 

5 2539. The method of claim 2502, further comprising forming a production well in the 
formation using magnetic tracking such that the production well is substantially parallel 
to the first wellbore and coupling a wellhead to the third wellbore/ 

2540. The method of claim 2502, further comprising providing heat from three or more 
10 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2541. The method of claim 2502, further comprising providing heat from three or more 
i 5 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

20 2542. A method for installing a heater wel/ into a coal formation, comprising: 

forming a bore in the ground using aysteerable motor and an accelerometer; and 
providing a heating mechanism wimin the bore such that the heating mechanism 
can transfer heat to at least a portion of tne formation. 

25 2543. The method of claim 2542, further comprising installing at least two heater wells, 
and wherein superposition of heat from at least the two heater wells pyrolyzes at least 
some hydrocarbons within a selected section of the formation. 

2544. The method of claim 254z, further comprising maintaining a temperature within a 
30 selected section within a pyrolysis temperature range. 
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2545. The method of claim 2542, wherein the heating mechanism comprises an 
electrical heater. 

2546. The method of claim 2542, wherein the heating mechanism comprises a surface 



2547. The method of claim 2542, wherein the heating mechanism comprises a flameless 
distributed combustor. / 

10 2548. The method of claim 2542, wherein the heating mechanism comprises a natural 
distributed combustor. / 

2549. The method of claim 2542, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 

15 pressure is controlled as a function of temperance, or the temperature is controlled as a 
function of pressure. / 

2550. The method of claim 2542, further comprising controlling the heat from the 
heating mechanism such that heat transferred from the heating mechanism to at least the 

20 portion of the formation is less than about 1 °C per day during pyrolysis. 

2551. The method of claim 2542, further comprising: 

heating a selected volume (FY of the coal formation from the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
25 pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pur. 
w herein Pwr is calculated by the equation: 

Pwr = h*V*C v *p 8 i 

wherein Pwr is the heating energy/day, h is an average heating rate of the 



30 formation, p a is formation bulx density, and wherein the heating rate is less than about 10 

°C/day. / 



5 



burner. 
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2552. The method of claim 2542, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of the formation substantially by 
conduction. 



mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(ir/°C). 

10 2554. The method of claim 2542, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 

2555. The method of claim 2542, further comprising producing a mixture from the 
i 5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 



2556. The method of claim 2542, further comprising producing a mixture from the 

20 formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.00 1 to about 0.15. / 

2557. The method of claim 2542, further comprising producing a mixture from the 
25 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2558. The method of claim 2542, further comprising producing a mixture from the 
30 formation, wherein the produced mixture comprises condensable hydrocarbons, and 



5 



2553. The method of claim 2542, further comprising providing heat from the heating 
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wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2559, The method of claim 2542, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. ■ 

2560. The method of claim 2542, further comprising producing a mixture from the 

10 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable/nydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

15 2561 . The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

20 2562. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

25 2563. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight oythe condensable hydrocarbons are 
asphaltenes. 

30 2564. The method of claim 2542, ftirtner comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

2565. The method of claim 2542, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

10 2566. The method of claim 2542, further comprising producing a/mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2567. The method of claim 2542, further comprising producing a mixture from the 
1 5 formation, wherein the produced mixture comprises ammopua, and wherein the ammonia 

is used to produce fertilizer. 

2568. The method of claim 2542, further comprising controlling a pressure within at 
least a majority of a selected section of the formatiory wherein the controlled pressure is 

20 at least about 2.0 bar absolute. 

2569. The method of claim 2542, further composing controlling formation conditions to 
produce a mixture from the formation, wherein^a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

25 

2570. The method of claim 2569, wherein ihe partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2571 . The method of claim 2542, further comprising altering a pressure within the 
30 formation to inhibit production of hydrpcarbons from the formation having carbon 

numbers greater than about 25. 
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2572. The method of claim 2542, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2573. The method of claim 2542, further comprising: 
providing hydrogen (H 2 ) to the at least the heated portion/to hydrogenate 

hydrocarbons within the formation; and 

heating a portion of the formation with heat from hydrc^genation. 

2574. The method of claim 2542, further comprising: 
producing hydrogen and condensable hydrocarbocfe from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2575. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such thatf a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2576. The method of claim 2542, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section sucp that a permeability of a majority of the 
selected section increases substantially uniformly. 

2577. The method of claim 2542, further/comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 



2578. The method of claim 2542, further comprising producing a mixture in a 
30 production well, and wherein at least ^bout 7 heating mechanisms are disposed in the 
formation for each production well. 

/ 
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2579. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

5 sources comprises a triangular pattern. f 

2580. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherei/ three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

10 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2581. A method for installing of wells in a coal formation, comprising: 
forming a wellbore in the formation by geosteered drilling; and 

15 providing a heating mechanism within the^vellbore such that the heating 

mechanism can transfer heat to at least a portiqn of the formation. 



2582. The method of claim 258 1 , further comprising maintaining a temperature within a 
selected section within a pyrolysis temperature range. 

/ 

2583. The method of claim 258 1, wherejn the heating mechanism comprises an 
electrical heater. 



2584. The method of claim 2581, wherein the heating mechanism comprises a surface 
25 burner. 

2585. The method of claim 258 1 , ^herein the heating mechanism comprises a flameless 
distributed combustor. 

30 2586. The method of claim 258 1/ wherein the heating mechanism comprises a natural 
distributed combustor. 
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2587. The method of claim 2581, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 



2588. The method of claim 2581, further comprising controlling the'heat from the 
heating mechanism such that heat transferred from the heating mec/anism to at least the 
portion of the formation is less than about 1 °C per day during pyrolysis. 



2589. The method of claim 258 1 , further comprising: 

heating a selected volume (V) of the coal formation frc/m the heating mechanism, 
wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
15 wherein heating energy/day provided to the volun^ is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 



Pwr = h*V*C v *p B 



iun^ 

/ 



wherein Pwr is the heating energy/day, h is an ^average heating rate of the 
formation, p B is formation bulk density, and wherein ^he heating rate is less than about 10 
20 °C/day. 



2590. The method of claim 2581, further comprising allowing the heat to transfer from 
the heating mechanism to at least the portion of t£e formation substantially by 
conduction. 



2591. The method of claim 2581, further comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 
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2592. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

5 2593. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0. 1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

10 2594. The method of claim 258 1 , further comprising producing 21 mixture from the 

formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.00 1 to about 0. 1 5. / 

15 2595. The method of claim 2581, further comprising'producing a mixture from the 
formation, wherein the produced mixture comprises'condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

20 2596. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture Comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

25 2597. The method of claim 2581, Airther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is smfur. 

30 2598. The method of claim £58 1 , further comprising producing a mixture from the 

formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
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about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 



5 2599. The method of claim 258 1, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 



10 2600. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

1 5 260 1 . The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of £ne condensable hydrocarbons are 
asphaltenes. 

20 2602. The method of claim 2581, fiirthfer comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to aboi/t 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



25 



2603. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the producer mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 



30 
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2604. The method of claim 2581, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

/' 

/ ' 

2605. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2606. The method of claim 258 1 , further comprising controlling a pressure within at 
least a majority of a selected section of the formation, \ynerein the controlled pressure is 
at least about 2.0 bar absolute. 



2607. The method of claim 258 1 , further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 

15 is greater than about 0.5 bar. / 

/ 

2608. The method of claim 2607, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

/ 

2609. The method of claim 258 1, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2610. The method of claim 2581, further comprising producing a mixture from the 
25 formation and controlling formation conditions by recirculating a portion of hydrogen 

from the mixture into the formation. 

26 1 1 . The method of claim 25a 1 , further comprising: 
providing hydrogen (H2J to at least the heated portion to hydrogenate 

30 hydrocarbons within the formation; and 

heating a portion of the formation with heat from hydrogenation. 



v. 
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2612. The method of claim 2581, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
5 portion of the produced hydrogen. 

2613. The method of claim 2581, further comprising allowing Aeat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 

10 selected section of the formation increases to greater than/about 100 millidarcy. 

26 1 4. The method of claim 2581, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such tha/a permeability of a majority of the 

15 selected section increases substantially uniformly. 

26 1 5. The method of claim 258 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

20 2616. The method of claim 2581, further comprising producing a mixture in a 

production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. / 

26 1 7. The method of claim 2581 ,/further comprising providing heat from three or more 
25 heat sources to at least a portion or the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2618. The method of claim £581, further comprising providing heat from three or more 
30 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



2619. A method of treating a coal formation in situ, comprising: 



heating a selected section of the formation with a heating element placed within a 
wellbore, wherein at least one end of the heating element is/free to move axially within 
the wellbore to allow for thermal expansion of the heating'element. 



2620. The method of claim 26 1 9, further comprising at least two heating elements 
within at least two wellbores, and wherein superposition of heat from at least the two 
heating elements pyrolyzes at least some hydrocarbons within a selected section of the 
formation. / 

262 1 . The method of claim 26 1 9, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2622. The method of claim 26 1 9. wherein the heating element comprises a pipe-in-pipe 
heater. / 

2623. The method of claim 26 1 9, wherein the heating element comprises a flameless 
distributed combustor. / 

2624. The method of claim 26 1 91 wherein the heating element comprises a mineral 
insulated cable coupled to a support, and wherein the support is free to move within the 
wellbore. / 

2625. The method of claim 2ol 9, wherein the heating element comprises a mineral 
insulated cable suspended from a wellhead. 

2626. The method of claim 261 9, further comprising controlling a pressure and a 
temperature within at least /a majority of a heated section of the formation, wherein the 
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pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 

2627. The method of claim 2619, further comprising controlling the heat such that an 

5 average heating rate of the heated section is less than about 1 °Cjper day during pyrolysis. 

2628. The method of claim 2619, wherein heating the section of the formation further 
comprises: / 

heating a selected volume (V) of the coal formation from the heating element, 
10 wherein the formation has an average heat capacity (OC), and wherein the heating 

pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided to thp volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 
Pwr = h*V*C v *p B I 
1 5 wherein Pwr is the heating energy/day, h is an average heating rate of the 

formation, p B is formation bulk density, and/wherein the heating rate is less than about 10 
°C/day. / 

2629. The method of claim 2619, whe/ein heating the section of the formation 
20 comprises transferring heat substantially by conduction. 

2630. The method of claim 261 9, further comprising heating the selected section of the 
formation such that a thermal conductivity of the selected section is greater than about 
0.5 W/(m °C). / 

25 / 

263 1 . The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about£5°. 

30 2632. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 



\ 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2633. The method of claim 261 9, further comprising producing a mixture from the 

5 formation, wherein the produced mixture comprises non-copdensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0. 1 5. ^ 

2634. The method of claim 261 9, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when (Calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2635. The method of claim 261 9, furthef comprising producing a mixture from the 
15 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2636. The method of claim 2619, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2637. The method of claim 2619, further comprising producing a mixture from the 

25 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

30 2638. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2639. The method of claim 261 9, further comprising producing a mixture from the 
5 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2640. The method of claim 2619, further comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 0.3 % by weight 91 the condensable hydrocarbons are 
asphaltenes. 



15 



2641. The method of claim 2619, fufther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to apout 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2642. The method of claim 2619, further comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensab/e component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

25 2643. The method of claim 26 1 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



2644. The method /of claim 261 9, further comprising producing a mixture from the 
30 formation, wherein [the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce : fertilizer. 
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2645. The method of claim 261 9, further comprising controlling a pressure within the 
selected section of the formation, wherein the controlled pressure is at least about 2.0 bar 
absolute. 



2646. The method of claim 2619, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H 2 within the mixture 



is greater than about 0.5 bar. 



1 0 2647, The method of claim 2647, wherein the partial/pressure of H 2 within the mixture 
is measured when the mixture is at a production well. 

2648. The method of claim 2619, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
1 5 numbers greater than about 25 . 



2649. The method of claim 2619, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation/ 



2650. The method of claim 26 19, further comprising: 

providing hydrogen (Hy; to the heated section to hydrogenate hydrocarbons 
within the heated section; and/ 

heating a portion of^he section with heat from hydrogenation. 

2651. The method of claim 2619, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydro genating a portion of the produced condensable hydrocarbons with at least a 
portion of the producer hydrogen. 



30 
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2652. The method of claim 261 9, wherein heating comprises increasing a permeability 
of a majority of the heated section to greater than about 100 millidarcy. 

2653. The method of claim 261 9, wherein heating comprises substantially/uniformly 
5 increasing a permeability of a majority of the heated section. 

/ 

/ 

2654. The method of claim 2619, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

10 2655. The method of claim 261 9, further comprising producin/a mixture in a 

production well, and wherein at least about 7 heat sources arej/disposed in the formation 
for each production well. 

2656. The method of claim 261 9, further comprising pr6viding heat from three or more 
1 5 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2657. The method of claim 261 9, further comprising providing heat from three or more 
20 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit ot heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

25 2658. A method of treating a coal formation in situ, comprising: 

providing heat from one or more/neat sources to at least a portion of the 
formation; 

allowing the heat to transfer fr^m the one or more heat sources to a selected 
section of the formation; and 
30 producing a mixture from thef formation through a production well, wherein the 

production well is located such that a majority of the mixture produced from the 
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formation comprises non-condensable hydrocarbons and a non-condensable component 
comprising hydrogen. 

2659. The method of claim 2658, wherein the one or more heat sources comprise at 
5 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

2660. The method of claim 2658, further comprising maintaining a temperature within 
10 the selected section within a pyrolysis temperature range. / 

2661 . The method of claim 2658, wherein the productiori well is less than 
approximately 6 m from a heat source of the one or more heat sources. 

1 5 2662. The method of claim 2658, wherein the production well is less than 
approximately 3 m from a heat source of the one pr more heat sources. 

2663. The method of claim 2658, wherein thp production well is less than 
approximately 1.5 m from a heat source of tkfe one or more heat sources. 

20 / 

2664. The method of claim 2658, wherein an additional heat source is positioned within 
a wellbore of the production well / 

2665. The method of claim 2658, wherein the one or more heat sources comprise 
25 electrical heaters. / 

2666. The method of claim 2658, wherein the one or more heat sources comprise 
surface burners. / 

30 2667. The method of claim 2658, wherein the one or more heat sources comprise 
flameless distributed combustprs. 
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2668. The method of claim 2658, wherein the one or more heat sources comprise natural 
distributed combustors. 

5 2669. The method of claim 2658, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

10 2670. The method of claim 2658, further comprising controlling the heat such that an 
average heating rate of the selected section is less than abouy 1 °C per day during 
pyrolysis. 

2671 . The method of claim 2658, wherein providing ^aeat from the one or more heat 
15 sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
sources, wherein the formation has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 
wherein heating energy/day provided p the volume is equal to or less than Pwr, 
20 wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density ,/and wherein the heating rate is less than about 10 
°C/day. 



25 



2672. The method of claim 2658, wherein allowing the heat to transfer from the one or 
more heat sources to the selected ^ection comprises transferring heat substantially by 
conduction. 
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2673. The method of claim 2658, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

5 2674. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



2675. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 by weight of the 
1 0 condensable hydrocarbons are olefins. 



2676. The method of claim 2658, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to aoout 0.15. 

15 2677. The method of claim 2658, wherein the produced mixture comprises condensable 

hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is nitrogen. 

/ 

/ 

2678. The method of claim 2658, wherein thfe produced mixture comprises condensable 
20 hydrocarbons, and wherein less than about i/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



2679. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

25 basis, of the condensable hydrocarbons is sulfur. 

2680. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 

30 containing compounds comprise/ phenols. 
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2681 . The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

5 2682. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2683. The method of claim 2658, wherein the produced mixture comprises Condensable 
10 hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 

hydrocarbons are asphaltenes. / 

2684. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

15 condensable hydrocarbons are cycloalkanes. / 

2685. The method of claim 2658, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

20 component, and wherein the hydrogen is less than abput 80 % by volume of the non- 
condensable component. / 

2686. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weignt of the produced mixture is ammonia. 

25 / 

2687. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2688. The method of claim 2658, further comprising controlling a pressure within at 
30 least a majority of the selected section of the formation, wherein the controlled pressure 

is at least about 2.0 bar absolute. / 
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2689. The method of claim 2658, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 

5 

2690. The method of claim 2689, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2691 . The method of claim 2658, further comprising altering a pressure within 
10 formation to inhibit production of hydrocarbons from the formation having carb6n 

numbers greater than about 25. / 

2692. The method of claim 2658, further comprising controlling formation conditions 
by recirculating a portion of the hydrogen from the mixture into the formation. 

15 / 

2693. The method of claim 2658, further comprising: / 

providing hydrogen (H2) to the heated section to hydrog^nate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrtfgenation. 
20 / 

2694. The method of claim 2658, further comprising: / 
producing condensable hydrocarbons from the/formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. / 
25 / 

2695. The method of claim 2658, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the sfelected section to greater than about 100 
millidarcy. / 

30 2696. The method of claim 2658, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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2697. The method of claim 2658, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

5 2698. The method of claim 2658, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



2699. The method of claim 2658, further comprising providing heat from/three or more 
10 heat sources to at least a portion of the formation, wherein three or more^of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2700. The method of claim 2658, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

20 2701 . A method of treating a coal formation in situ( comprising: 

providing heat to at least a portion of the formation from one or more first heat 

sources placed within a pattern in the formation; / 

allowing the heat to transfer from the one or more first heat sources to a first 

section of the formation; / 
25 heating a second section of the formation with at least one second heat source, 

wherein the second section is located withirythe first section, and wherein at least the one 

second heat source is configured to raise an average temperature of a portion of the 

second section to a higher temperature thah an average temperature of the first section; 

and / 
30 producing a mixture from the formation through a production well positioned 

within the second section, wherein a majority of the produced mixture comprises non- 
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condensable hydrocarbons and a non-condensable component comprising H2 
components. 

2702. The method of claim 270 1 , wherein the one or more first heat sources comprise at 
5 least two heat sources, and wherein superposition of heat from at least the two heat 

sources pyrolyzes at least some hydrocarbons within the first section of the formation. 

2703. The method of claim 2701, further comprising maintaining a temperature within 
the first section within a pyrolysis temperature range. / 

10 / 

2704. The method of claim 2701 5 wherein at least the one heat source comprises a 
heater element positioned within the production well. / 

2705. The method of claim 270 1 , wherein at least the pne second heat source comprises 
1 5 an electrical heater. / 



2706 ; The method of claim 2701, wherein at leatf the one second heat source comprises 
a surface burner. / 

20 2707. The method of claim 2701 , wherein at least the one second heat source comprises 
a flameless distributed combustor. / 

2708. The method of claim 2701, wherein at least the one second heat source comprises 
a natural distributed combustor. / 

25 / 

2709. The method of claim 2701, ft/rther comprising controlling a pressure and a 
temperature within at least a majority of the first or the second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 
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2710. The method of claim 2701, further comprising controlling the heat such that an 
average heating rate of the first section is less than about 1 °C per day during pyrolysis. 

271 1 . The method of claim 2701, wherein providing heat to the formation further 
5 comprises: 

heating a selected volume (V) of the from the one or more first l&at sources, 
wherein the formation has an average heat capacity (C v ). and wherein'the heating 
pyrolyzes at least some hydrocarbons within the selected volume/^ the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr. 
10 wherein Pwr is calculated by the equation: 

Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an^verage heating rate of the 
formation, p B is formation bulk density, and whereir/the heating rate is less than about 10 
°C/day. 



15 



2712. The method of claim 270 1 , wherein allowing the heat to transfer comprises 



transferring heat substantially by conduction. 

/ 

271 3. The method of claim 2701 , wherein providing heat from the one or more first heat 
20 sources comprises heating the first section such that a thermal conductivity of at least a 

portion of the first section is greater than about 0.5 W/(m °C). 

/ 

2714. The method of claim 270 ^/wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

25 / 

2715. The method of claim 270 1 , wherein the produced mixture comprises condensable 

hydrocarbons, and wherein atoout 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



30 2716. The method of claim 270 1 } wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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271 7. The method of claim 2701 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

5 

2718. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

10 2719. The method of claim 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weighj/when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2720. The method of claim 2701 , wherein the prcfciuced mixture comprises condensable 
15 hydrocarbons, wherein about 5 % by weight to afx)ut 30 % by weight of the condensable 

hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2721. The method of claim 2701, wherein the produced mixture comprises condensable 
20 hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

hydrocarbons are aromatic compounds. 

2722. The method of claim 2701/, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 5 % by weight of the condensable 

25 hydrocarbons comprises multi^ing aromatics with more than two rings. 

2723. The method of claim/ 2701 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/ less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltepes. 

30 
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2724. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 



condensable hydrocarbons are cycloalkanes. 



5 2725. The method of claim 2701, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

/ 

wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

10 

2726. The method of claim 2701 , wherein th^ produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2727. The method of claim 2701, wherein the produced mixture comprises ammonia, 
1 5 and wherein the ammonia is used to produce fertilizer. 



20 



2728. The method of claim 2701, farther comprising controlling a pressure within at 
least a majority of the first or the second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

2729. The method of claim 27j01, further comprising controlling formation conditions to 
produce the mixture, wherein ft partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



25 2730. The method of claim 2729, wherein the partial pressure of H2 within the mixture 
is measured when the mixyure is at a production well. 



30 



273 1. The method of claim 270 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



V 
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2732. The method of claim 270 1 ? further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2733. The method of claim 2701, further comprising: 
5 providing hydrogen (H2) to the first or second section to hydrogenate 

hydrocarbons within the first or second section, respectively^and 

heating a portion of the first or second section, respectively, with heat from 
hydrogenation. 

10 2734. The method of claim 2701, further comprising: 

producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the producecrcondensable hydrocarbons with at least a 
portion of the produced hydrogen. 

15 2735. The method of claim 2701 , wherein allowing the heat to transfer comprises 

increasing a permeability of a majority pi the first or second section to greater than about 
100 millidarcy. 

2736. The method of claim 270 1 / wherein allowing the heat to transfer comprises 
20 substantially uniformly increasiijg a permeability of a majority of the first or second 

section. 

2737. The method of claim/^701, wherein heating the first or the second section is 
controlled to yield greater than about 60 % by weight of condensable hydrocarbons, as 

25 measured by Fischer Assay. 

2738. The method of claim 2701 , wherein at least about 7 heat sources are disposed in 
the formation for each /production well. 

30 2739. The method off claim 270 1 , further comprising providing heat from three or more 
heat sources to at le^st a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2740. The method of claim 2701 , further comprising providing heat from three or more 
5 heat sources to at least a portion of the formation, wherein, three or more of the heat 
sources are located in the formation in a unit of heat souses, wherein the unit of heat 
sources comprises a triangular pattern, and wherein ^plurality of the units are repeated 

over an area of the formation to form a repetitive pattern of units. 

/ 

/ 

10 2741 . A method of treating a coal formation/in situ, comprising: 

providing heat into the formation fp6m a plurality of heat sources placed in a. 
pattern within the formation, wherein a facing between heat sources is greater than 
about 6 m; 

allowing the heat to transfeyfrom the plurality of heat sources to a selected 
1 5 section of the formation; 

producing a mixture frorh the formation from a plurality of production wells, 
wherein the plurality of production wells are positioned within the pattern, and wherein a 
spacing between production/wells is greater than about 12 m. 

20 2742. The method of claim 2741, wherein superposition of heat from the plurality of 
heat sources pyrolyzes ^at least some hydrocarbons within the selected section of the 
formation. 

2743. The methocyof claim 2741 , further comprising maintaining a temperature within 
25 the selected section within a pyrolysis temperature range. 

2744. The method of claim 2741, wherein the plurality of heat sources comprises 
electrical heater 

30 2745. The mjethod of claim 274 1 , wherein the plurality of heat sources comprises 
surface burners. 
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2746. The method of claim 274 1 , wherein the plurality of heat sources comprises 
flameless distributed combustors. 

5 2747. The method of claim 2741, wherein the plurality of heat'sources comprises 
natural distributed combustors. 



10 



2748. The method of claim 274 1 , further comprising controlling a pressure and a 
temperature within at least a majority of the selected/section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



15 



2749. The method of claim 274 1 , further comprising controlling the heat such that an 



/ 
/. 



average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2750. The method of claim 2741, ^herein providing heat from the plurality of heat 
comprises: 

heating a selected vo\umd(V) of the coal formation from the plurality of heat 
20 sources, wherein the formation/has an average heat capacity (C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating ene/gy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated yoy the equation: 

Pwr = h*V*C v *pf 

25 wherein Pwr is the heating energy/day, h is an average heating rate of the 

formation, p B is format/on bulk density, and wherein the heating rate is less than about 10 
°C/day. 



275 1 . The method/of claim 274 1 5 wherein allowing the heat to transfer comprises 
30 transferring heat substantially by conduction. 
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2752. The method of claim 2741, wherein providing heat comprises heating the selected 
formation such that a thermal conductivity of at least a portion of the selected section is 
greater than about 0.5 W/(m °C). 

5 2753. The method of claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about/25 0 . 



10 



2754. The method of claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



15 



2755. The method of claim 2741 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges f/om about 0.001 to about 0.15. 

2756. The method of claim 2741 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



20 2757. The method of claim 2741 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2758. The method of Maim 274 1 , wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



30 



2759. The method of claim 2741 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons coir prise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2760. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. ^ 



2761 . The method of claim 2741, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics withinore than two rings. 



10 2762. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about jtf.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

2763. The method of claim 2741, wperein the produced mixture comprises condensable 
15 hydrocarbons, and wherein about 5/% by weight to about 30 % by weight of the 

condensable hydrocarbons are cydoalkanes. 

2764. The method of claim 2//41, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 

20 wherein the hydrogen is greater than about 1 0 % by volume of the non-condensable 
component, and wherein me hydrogen is less than about 80 % by volume of the non- 
condensable component: 

2765. The method of claim 2741, wherein the produced mixture comprises ammonia, 
25 and wherein greater ^han about 0.05 % by weight of the produced mixture is ammonia. 

2766. The method of claim 2741, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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2767. The method of claim 2741, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



5 2768. The method of claim 2741, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within ^he mixture is greater than 
about 0.5 bar. 



10 



15 



/ 

/ 
yr 

is measured when the mixture is at a production welK 



2769. The method of claim 2768, wherein the partiaLpressure of H2 within the mixture 



2770. The method of claim 2741 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2771. The method of claim 2741, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 



2772. The method of claim 274 1 , farther comprising: 
20 providing hydrogen (H2) to/the selected section to hydrogenate hydrocarbons 

within the selected section; and 

heating a portion of the sfelected section with heat from hydrogenation. 

2773 . The method of claim 274 1 , further comprising: 

25 producing hydrogen and condensable hydrocarbons from the formation; and 

hydrogenating a pomion of the produced condensable hydrocarbons with at least a 
portion of the produced hjprogen. 

2774. The method of claim 2741 , wherein allowing the heat to transfer comprises 

30 increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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2775. The method of claim 2741 , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

A 

5 2776. The method of claim 2741 , further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

2777. The method of claim 2741 , wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

10 / 

2778. The method of claim 2741 , further composing providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a uni/ of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

15 / 

2779. The method of claim 2741 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 

20 over an area of the formation to /form a repetitive pattern of units. 

2780. A system configured to heat a coal formation, comprising: 

a heater disposed in^an opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of the formation during use; 
25 an oxidizing fluid/source; 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from tht oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone dumng use such that heat is generated at the reaction zone; and 
30 wherein the/system is configured to allow heat to transfer substantially by 

conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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2781 . The system of claim 2780, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. A 



2782. The system of claim 2780. wherein the conduit comprises orifices, and wherein 



the orifices are configured to provide the oxidizing fluid into the opening. 

2783. The system of claim 2780, wherein the conduit comprises critical flow orifices, 
10 and wherein the critical flow orifices are configured to control a flow of the oxidizing 

fluid such that a rate of oxidation in the formation is controlled. 

2784. The system of claim 2780, wherein tne conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

15 / 

2785. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product. / 

2786. The system of claim 2780/ wherein the conduit is further configured to remove an 
20 oxidation product such that the oxidation product transfers substantial heat to the 

oxidizing fluid. / 

2787. The system of claim £780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 

25 approximately equal to a flow rate of the oxidation product in the conduit. 

2788. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 

30 the oxidation product/by the oxidizing fluid. 




5 
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2789. The system of claim 2780. wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



5 2790. The system of claim 2780, wherein the oxidizing fluid is^ubstantially inhibited 
from flowing into portions of the formation beyond the reaction' zone. 



2791 . The system of claim 2780, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
10 the opening during use, and wherein the conduit is ^further configured to remove an 
oxidation product during use. 



2792. The system of claim 2780, wherein t^fe portion of the formation extends radially 

from the opening a width of less than approximately 0.2 m. 

/ 
/ 

2793. The system of claim 2780, further comprising a conductor disposed in a second 
conduit, wherein the second conduit /s disposed within the opening, and wherein the 
conductor is configured to heat at l^ast a portion of the formation during application of an 



15 



20 



25 



30 



electrical current to the conductor 



2794. The system of claim 2780, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation dupng application of an electrical current to the insulated 
conductor. 

2795. The system of cl4im 2780, further comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. 
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2796. The system of claim 2780, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configured to provide the heated oxidj^ing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. 



2797. The system of claim 2780, further comprising an averburden casing coupled to 
the opening, wherein the overburden casing is disposed m an overburden of the 
formation. 



2798. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing£omprises steel. 

15 2799. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2800. The system of claim 2780, further comprising an overburden casing coupled to 
20 the opening, wherein a packing material is disposed at a junction of the overburden 

casing and the opening. 

2801 . The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein/the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



2802. The system of claim 2780. further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2803. The system of claim 2780, wherein the system is further configured such that 
5 transferred heat can pvrolyze at least some hydrocarbons in the pyrdlysis zone. 

/ 

2804. A system configurable to heat a coal formation, comprising: 

a heater configurable to be disposed in an opening in the formation, wherein the 
heater is further configurable to provide heat to at least a potion of the formation during 
10 use; 



25 



a conduit configurable to be disposed in the operting, wherein the conduit is 
configurable to provide an oxidizing fluid from an oxidizing fluid source to a reaction 
zone in the formation during use. and wherein the sy^em is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbon^ at the reaction zone during use such 
1 5 that heat is generated at the reaction zone; and / 

wherein the system is further configurable to allow heat to transfer substantially 

/ 

by conduction from the reaction zone to a pyroiysis zone of the formation during use. 

/ 

2805. The system of claim 2804, wherein the/ oxidizing fluid is configurable to generate 



20 heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. j 



2806. The system of claim 2804, whereirythe conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2807. The system of claim 2804, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the/ formation is controlled. 



\ 
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2808. The system of claim 2804, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 

/ 

5 2809. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product. 

2810. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat/to the oxidizing fluid. 

281 1 . The system of claim 2804, wherein the conduit is further/configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product inAhe conduit. 



10 



15 2812. The system of claim 2804. wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



20 2813. The system of claim 2804, wherein the conduijis further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



2814. The system of claim 2804, wherein the oxidizing fluid is substantially inhibited 
25 from flowing into portions of the formation beyona the reaction zone. 



30 



2815. The system of claim 2804, further 
the conduit, wherein center conduit is configurab 
opening during use, and wherein the conduit is 
oxidation product during use. 



comprising a center conduit disposed within 

to provide the oxidizing fluid into the 
farther configurable to remove an 
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2816. The system of claim 2804, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0,2 m. 

28 1 7. The system of claim 2804, further comprising a conductor disposed in a second 
5 conduit, wherein the second conduit is disposed within the opening, and wherein the 

conductor is configurable to heat at least a portion of the formatioiVciuring application of 
an electrical current to the conductor. 

28 18. The system of claim 2804, further comprising an insulated conductor disposed 
10 within the opening, wherein the insulated conductor is configurable to heat at least a 

portion of the formation during application of an electric^z current to the insulated 
conductor. 

28 1 9. The system of claim 2804, further comprising/at least one elongated member 
1 5 disposed within the opening, wherein the at least the one elongated member is 

configurable to heat at least a portion of the formation during application of an electrical 
current to the at least the one elongated member. 

2820. The system of claim 2804, further comprising a heat exchanger disposed external 
20 to the formation, wherein the heat exchanger isf configurable to heat the oxidizing fluid, 

wherein the conduit is further configurable tofcrovide the heated oxidizing fluid into the 
opening during use, and wherein the heated ^xidizing fluid is configurable to heat at least / 
a portion of the formation during use. 

25 282 1 . The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

2822. The system of claim 2804, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



v 
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2823. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

5 

2824. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the (jverburden 
casing and the opening. 

10 2825. The system of claim 2804, further comprising an overburdeytasing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction oFthe overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



15 
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2826. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in/an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2827. The system of claim 2804, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



2828. An in situ method for heating a coal formation, comprising: 
25 heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 



30 transferring the generated heat subst; 

to a pyrolysis zone in the formation. 



itially by conduction from the reaction zone 
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2829. The method of claim 2828, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

5 2830. The method of claim 2828, further comprising directing at least a pprtion of the 
oxidizing fluid into the opening through orifices of a conduit disposed inthe opening. 

283 1 . The method of claim 2828, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
10 oxidation is controlled. / 



15 



2832. The method of claim 2828, further comprising increasing/a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume oythe reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

2833. The method of claim 2828, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 



20 2834. The method of claim 2828, wherein a conduit is/disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 

2835. The method of claim 2828, wherein a condu/t is disposed within the opening, the 
25 method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to oxidizing 
fluid in the conduit. 



2836. The method of claim 2828, wherein a coAduit is disposed within the opening, the 
30 method further comprising removing an oxidation product from the formation through 
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the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

2837. The method of claim 2828, wherein a conduit is disposed within the opening, the 
5 method further comprising removing an oxidation product from the formation ihrough 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by/he oxidizing 
fluid. 

10 2838. The method of claim 2828, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product fronyflowing into portions 
of the formation beyond the reaction zone. 

15 2839. The method of claim 2828, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

2840. The method of claim 2828, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 

20 comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

2841 . The method of claim 2828, wherein the portfon of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

25 

2842. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a cpnduit, wherein the conduit is disposed 
within the opening. 

30 2843. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 
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2844. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 

5 2845. The method of claim 2828. wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat froir/the heated oxidizing 
fluid to the portion. 

10 2846. The method of claim 2828, further comprising removir^ water from the formation 
prior to heating the portion. 



2847. The method of claim 2828, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

/ 

2848. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is dispo/ed in an overburden of the 



15 



formation. 



20 2849. The method of claim 2828, further composing coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing/comprises steel. 

2850. The method of claim 2828, further comprising coupling an overburden casing to 
25 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

285 1 . The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein a packing material/is disposed at a junction of the overburden 

30 casing and the opening. 



\ 
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2852. The method of claim 2828, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

2853. A system configured to heat a coal formation, comprising: r 

5 a heater disposed in an opening in the formation, wherein the heater is configured 

/ 

to provide heat to at least a portion of the formation during use; / 
an oxidizing fluid source; / 

a conduit disposed in the opening, wherein the conduit/is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction yeone in the formation during 
10 use, wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated at the reaction zone, and wherein the 
conduit is further configured to remove an oxidation product from the formation during 
use; and / 

wherein the system is configured to allow hfeat to transfer substantially by 
15 conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2854. The system of claim 2853, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. / 

20 / 

2855. The system of claim 2853, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the/oxidizing fluid into the opening. 

2856. The system of claim 2853, wherein the conduit comprises critical flow orifices, 
25 and wherein the critical flow orifices are configured to control a flow of the oxidizing 

fluid such that a rate of oxidation in pe formation is controlled. 

2857. The system of claim 2853, 
with the oxidizing fluid such that t 

30 



therein the conduit is further configured to be cooled 
le conduit is not substantially heated by oxidation. 
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2858. The system of claim 2853, wherein the conduit is further configured such that the 
oxidation product transfers heat to the oxidizing fluid. 

2859. The system of claim 2853, wherein a flow rate of the oxidizing fluid in the 

5 conduit is approximately equal to a flow rate of the oxidation product in the conduit. 

2860. The system of claim 2853, wherein a pressure of the / oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are/Controlled to reduce 
contamination of the oxidation product by the oxidizing'fluid. 

10 

2861 . The system of claim 2853, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2862. The system of claim 2853, wherein the oxidizing fluid is substantially inhibited 
1 5 from flowing into portions of the formation beyond the reaction zone. 

2863. The system of claim 2853, further comprising a center conduit disposed within 
the conduit wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use. 

20 

2864. The system of claim 2853, wlWein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2865. The system of claim 2853, further comprising a conductor disposed in a second 
25 conduit, wherein the second conduit is disposed within the opening, and wherein the 

conductor is configured to heat at Least a portion of the formation during application of an 
electrical current to the conductor/ 



2866. The system of claim 285 
30 within the opening, wherein the 



further comprising an insulated conductor disposed 
insulated conductor is configured to heat at least a 
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portion of the formation during application of an electrical current to the insulated 
conductor. 

2867. The system of claim 2853, further comprising at least one elongated member 

5 disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. 

2868. The system of claim 2853, further comprising a heat exchanger disposed external 
10 to the formation, wherein the heat exchanger is configured to lWt the oxidizing fluid, 

wherein the conduit is further configured to provide the heated/oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is/configured to heat at least a 
portion of the formation during use. 

1 5 2869. The system of claim 2853, further comprising an Overburden casing coupled to 
the opening, wherein the overburden casing is disposed/in an overburden of the 
formation. 

2870. The system of claim 2853, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing comprises steel. 

2871 . The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is aisposed in an overburden of the 

25 formation, and wherein the overburden casing As further disposed in cement. 

2872. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

30 
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2873. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 

5 flow of fluid between the opening and the overburden casing during use. 

2874. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

10 and the opening, and wherein the packing material comprised cement. 



2875. The system of claim 2853, wherein the system is/further configured such that 
transferred heat can pyrolyze at least some hydrocarboas in the pyrolysis zone. 



15 2876. A system configurable to heat a coal formation, comprising: 

a heater configurable to be disposed in an opening in the formation, wherein the 
heater is further configurable to provide heat to ay/east a portion of the formation during 
use; / 

a conduit configurable to be disposed in/the opening, wherein the conduit is 

20 further configurable to provide an oxidizing fliiid from an oxidizing fluid source to a 

reaction zone in the formation during use, wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zone, and wherein the conduit is further configurable 
to remove an oxidation product from the formation during use; and 

25 wherein the system is further configurable to allow heat to transfer substantially 

by conduction from the reaction zone to a pyrolysis zone during use. 

2877. The system of claim 2876, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the cjxidizing fluid is transported through the reaction 
30 zone substantially by diffusion. 
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2878. The system of claim 2876, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2879. The system of claim 2876, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



10 



2880. The system of claim 2876, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not sul^tantially heated by 
oxidation. 



288 1 . The system of claim 2876, wherein the conduit i^ further configurable such that 
the oxidation product transfers heat to the oxidizing fluid. 

15 2882. The system of claim 2876, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 



20 



2883. The system of claim 2876, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the aonduit are controlled to reduce 
contamination of the oxidation product by the oxidizing fluid. 



2884. The system of claim 2876, wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

25 2885. The system of claim 2876, wherem the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



30 



2886. The system of claim 2876, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use. 



627 



Conley, Rose & Tayon ; P C. 



2887. The system of claim 2876, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2888. The system of claim 2876, further comprising a conductor disposed in a second 
5 conduit, wherein the second conduit is disposed within the openingjind wherein the 

conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor. 

2889. The system of claim 2876, further comprising an insulated conductor disposed 
10 within the opening, wherein the insulated conductor is configurable to heat at least a 

portion of the formation during application of an electrical current to the insulated 
conductor. 

2890. The system of claim 2876, further comprising/at least one elongated member 
15 disposed within the opening, wherein the at least the/one elongated member is 

configurable to heat at least a portion of the formation during application of an electrical 
current to the at least the one elongated member. 

2891. The system of claim 2876, further comprising a heat exchanger disposed external 
20 to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 

wherein the conduit is further configurable to/provide the heated oxidizing fluid into the 
opening during use, and wherein the heated pxidizing fluid is configurable to heat at least 
a portion of the formation during use. 

25 2892. The system of claim 2876, further/comprising an overburden casing coupled to 
the opening, wherein the overburden casjng is disposed in an overburden of the 
formation. 

2893. The system of claim 2876, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden aasing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2894. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2895. The system of claim 2876, further comprising an overburdencasing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



10 2896. The system of claim 2876. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 



15 



20 



a flow of fluid between the opening and the overburden casing during use. 

2897. The system of claim 2876, further comprisir/g an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposer at a junction of the overburden casing 
and the opening, and wherein the packing maternal comprises cement. 

2898. The system of claim 2876, wherein thrf system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

/ 

2899. An in situ method for heating a coal formation, comprising: 

25 heating a portion of the formation to a temperature sufficient to support reaction of 
hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 
providing the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing gas to react with at least a portion of the hydrocarbons at 
30 the reaction zone to generate heat in the reaction zone; 

removing at least a portion of an oxidation product through the opening; and 



629 

\ 



Conley, Rose & Tayon, P C. 



# 



transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

2900. The method of claim 2899, further comprising transporting the oxidizing fluid 
5 through the reaction zone by diffusion. / 

2901 . The method of claim 2899, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

10 2902. The method of claim 2899, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opjening such that a rate of 
oxidation is controlled. / 

2903. The method of claim 2899, further comprising increasing a flow of the oxidizing 
1 5 fluid in the opening to accommodate an increase in a volume of the reaction zone such 

that a rate of oxidation is substantially maintained witnin the reaction zone. 

2904. The method of claim 2899, wherein a condi 
method further comprising cooling the conduit wit! 

20 conduit is not substantially heated by oxidation. / 

2905. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit. 

25 / 

2906. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising transferring substantial heat from the oxidation product in the 

30 conduit to the oxidizing fluid in the conduit. 



is disposed in the opening, the 
the oxidizing fluid such that the 
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2907. The method of claim 2899, wherein a conduit is disposed within the opening, 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, and 
wherein a flow rate of the oxidizing fluid in the conduit is approximately equal to a flow 

5 rate of the oxidation product in the conduit. ^ 

2908. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through me opening 
comprises removing at least the portion of the oxidation product through the conduit, the 

10 method further comprising controlling a pressure between the oxidizing fluid and the 
oxidation product in the conduit to reduce contamination of the o^dation product by the 
oxidizing fluid. 

2909. The method of claim 2899, wherein a conduit is disposed within the opening, and 
1 5 wherein removing at least the portion of the oxidation product through the opening 

comprises removing at least the portion of the oxidation pi^duct through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions of the formation beyond the reaction zone^/ 

20 29 1 0. The method of claim 2899, further comprising substantially inhibiting the 

oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

291 1 . The method of claim 2899, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 

25 comprising providing the oxidizing fluid into the opening through the center conduit and 
removing at least a portion of the oxidation product through the outer conduit. 

2912. The method of claim 2899, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

30 
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2913. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. 



2914. The method of claim 2899, wherein heating the portion comprises applyjng 
electrical current to an insulated conductor disposed within the opening. 



291 5. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 

2916. The method of claim 2899, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation/such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 

291 7. The method of claim 2899, further comprising removing/water from the formation 
prior to heating the portion. 



291 8. The method of claim 2899, further comprising controlling the temperature of the 
20 formafion to substantially inhibit production of oxides of nitrogen during oxidation. 

2919. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed ifn an overburden of the 
formation. 



15 



25 



2920. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2921. The method of claim 2899. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

5 2922. The method of claim 2899. further comprising coupling an ^yerburden casing to 
the opening, wherein a packing material is disposed at a junction oMhe overburden 
casing and the opening. / 

2923. The method of claim 2899, wherein the pyrolysis zone /s substantially adjacent to 
10 the reaction. / 

2924. A system configured to heat a coal formation, comprising: 

an electric heater disposed in an opening in the formation, wherein the electric 
heater is configured to provide heat to at least a portion/of the formation during use; 
15 an oxidizing fluid source; / 

a conduit disposed in the opening, wherein tne conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 
20 wherein the system is configured to allow heat to transfer substantially by 

conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2925. The system of claim 2924, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 

25 zone substantially by diffusion. / 

2926. The system of claim 2924, wherein /the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 
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2927. The system of claim 2924, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

\ 

5 2928, The system of claim 2924, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially'heated by oxidation. 



10 



2929. The system of claim 2924, wherein the conduit is : 
oxidation product. 



ler configured to remove an 



2930. The system of claim 2924, wherein the conduityis further configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

293 1 . The system of claim 2924, wherein the conduit is further configured to remove an 
1 5 oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 

approximately equal to a flow rate of the oxidation product in the conduit. 



20 



2932. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conguit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluic 



25 



2933. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 



2934. The system of claim 2924, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



30 2935. The system of claim 2924, further comprising a center conduit disposed within 
the conduit, wherein the center condv it is configured to provide the oxidizing fluid into 
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the opening during use. and wherein the conduit is further configured to remove an 
oxidation product during use. 

2936. The system of claim 2924, wherein the portion of the formation extends radially 
5 from the opening a width of less than approximately 0.2 m. 

2937. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

10 

2938. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

15 2939. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

/ . 

2940. The system of claim 2924, further comprising an^erburden casing coupled to 
20 the opening, wherein a packing material is disposed at adjunction of the overburden 

casing and the opening. ' j 

i 

2941. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation, wherein a packing material is disposed/at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2942. The system of claim 2924, further comprising an overburden casing coupled to 



30 the opening, wherein the overburden casing is 



disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2943. The system of claim 2924, wherein the system is further configured such that 
5 transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2944. A system configurable to heat a coal formation, comprising: 

an electric heater configurable to be disposed in an opening in the formation, 
wherein the electric heater is further configurable to provide heat to at least a portion of 
10 the formation during use, and wherein at least the portion is/ocated substantially adjacent 
to the opening; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from/an oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
15 allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyro lysis zone of the formation during use. 

20 2945. The system of claim 2944, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidising fluid is transported through the reaction 
zone substantially by diffusion. 

2946. The system of claim 2944, wherein the conduit comprises orifices, and wherein 
25 the orifices are configurable to provide tlie oxidizing fluid into the opening. 



30 



2947. The system of claim 2944, wh 
and wherein the critical flow orifices ire 
fluid such that a rate of oxidation in tHe 



ein the conduit comprises critical flow orifices, 
configurable to control a flow of the oxidizing 
formation is controlled. 
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2948. The system of claim 2944, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substantially heated by 
oxidation. 



5 2949. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product. A 

2950. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to tne oxidizing fluid. 



10 



295 1 . The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing flu^d in the conduit is 
approximately equal to a flow rate of the oxidation product in tne conduit. 



15 2952. The system of claim 2944. wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

20 2953. The system of claim 2944, wherein the conduit is /further configurable to remove 
an oxidation product, and wherein the oxidation product /is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2954. The system of claim 2944, wherein the oxidizing fluid is substantially inhibited 
25 from flowing into portions of the formation beyond thj reaction zone. 

2955. The system of claim 2944, further comprising/a center conduit disposed within 
the conduit, wherein center conduit is configurable tq provide the oxidizing fluid into the 
opening during use. and wherein the conduit is further configurable to remove an 

30 oxidation product during use. 
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2956. The system of claim 2944, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2957. The system of claim 2944, further comprising an overburden casing coupl|d to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



10 



2958. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden gf the 
formation, and wherein the overburden casing comprises steel. 



15 



2959. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2960. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



20 



25 



30 



2961 . The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2962. The system of claim 2944, further comprising an/overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing .material comprises cement. 
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2963. The system of claim 2944, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2964. A system configured to heat a coal formation, comprising: 

5 a conductor disposed in a first conduit, wherein the first conduit is disposed in an 

opening in the formation, and wherein the conductor is configured to provide heat to at 
least a portion of the formation during use; / 
an oxidizing fluid source; / 
a second conduit disposed in the opening, wherein the second conduit is 
10 configured to provide an oxidizing fluid from the oxidizing fluid source to a reaction 

zone in the formation during use, and wherein the oxidizing fluid is selected to oxidize at 
least some hydrocarbons at the reaction zone during u&e such that heat is generated at the 
reaction zone; and / 

wherein the system is configured to allow laeat to transfer substantially by 
15 conduction from the reaction zone to a pyrolysis /one of the formation during use. 

2965. The system of claim 2964, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidipng fluid is transported through the reaction 
zone substantially by diffusion. / 

20 / 

2966. The system of claim 2964, wherein the second conduit comprises orifices, and 
wherein the orifices are configured to provide the oxidizing fluid into the opening. 

2967. The system of claim 2964, wherein the second conduit comprises critical flow 
25 orifices, and wherein the critical flow orifices are configured to control a flow of the 

oxidizing fluid such that a rate of cpddation in the formation is controlled. 

2968. The system of claim 296- 
cooled with the oxidizing fluid tj 

30 / 



wherein the second conduit is further configured to be 
reduce heating of the second conduit by oxidation. 
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2969. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product. 

2970. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product such that the oxidation product transfers heat to the 
oxidizing fluid. / 



10 



2971 . The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein a flow rat/ of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation product in the second conduit. 



15 



2972. The system of claim 2964, wherein the/second conduit is further configured to 
remove an oxidation product, and wherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 



20 



2973. The system of claim 2964, wherein the second conduit is further configured to 
remove an oxidation product, and wherein the oxidation product is substantially inhibited 
from flowing into portions of the fomiation beyond the reaction zone. 

2974. The system of claim 2964, Avherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the /Formation beyond the reaction zone. 



2975. The system of claim 296(4, further comprising a center conduit disposed within 
25 the second conduit, wherein the center conduit is configured to provide the oxidizing 

fluid into the opening during use, and wherein the second conduit is further configured to 
remove an oxidation product during use. 



2976. The system of claim 
30 from the opening a width of 



964, wherein the portion of the formation extends radially 
ess than approximately 0.2 m. 



V 
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2977. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. J 

5 2978. The system of claim 2964, further comprising an overburden/casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2979. The system of claim 2964, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in/an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

2980. The system of claim 2964, further comprisina/an overburden casing coupled to 
the opening, wherein a packing material is disposecyat a junction of the overburden 

15 casing and the opening. 

298 1 . The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing isr disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

20 and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2982. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2983. The system of claim 29647wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



30 



2984. A system configurable to heat a coal formation, comprising: 



64 1 Conley, Rose & Tayon. P C. 




a conductor configurable to be disposed in a first conduit, wherein the first 
conduit is configurable to be disposed in an opening in the formation, and wherein the 
conductor is further configurable to provide heat to at least a portion of the formation 
during use; 

5 a second conduit configurable to be disposed in the opening, wherein the second 

conduit is further configurable to provide an oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the formation during use, and wherein the system is 
configurable to allow the oxidizing fluid to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat is generated at the reaction zone; and 
10 wherein the system is further configurable to allow heat to transfer substantially 

by conduction from the reaction zone to a pyrolysis zonp of the formation during use. 

2985. The system of claim 2984, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 

15 zone substantially by diffusion. / 

2986. The system of claim 2984, wherein the second conduit comprises orifices, and 
wherein the orifices are configurable to proviae the oxidizing fluid into the opening. 

20 2987. • The system of claim 2984, wherein/the second conduit comprises critical flow 
orifices, and wherein the critical flow orifices are configurable to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 

2988. The system of claim 2984, wherein the second conduit is further configurable to 
25 be cooled with the oxidizing fluid to reduce heating of the second conduit by oxidation. 

2989. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product. / 
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2990. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product such that the oxidation product transfers heat to the 
oxidizing fluid. 

5 2991 . The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation product in the second conduit. 

2992. The system of claim 2984, wherein the second confluit is further configurable to 
10 remove an oxidation product, and wherein a pressure of/the oxidizing fluid in the second 

conduit and a pressure of the oxidation product in the Second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 

2993. The system of claim 2984, wherein the second conduit is further configurable to 
15 remove an oxidation product, and wherein the oxidation product is substantially inhibited 

from flowing into portions of the formation beyond the reaction zone. 



20 



25 



2994. The system of claim 2984, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2995. The system of claim 2984, further comprising a center conduit disposed within 
the second conduit, wherein center conduit is configurable to provide the oxidizing fluid 
into the opening during use, and wherein the second conduit is further configurable to 
remove an oxidation product during u$e. 

2996. The system of claim 2984, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



2997. The system of claim 2984, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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2998. The system of claim 2984, further comprising an overburden casing coupled to 



2999. The system of claim 2984, further comprising an/overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is furtner disposed in cement. 

10 3000. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3001 . The system of claim 2984, further comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

20 3002. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

25 3003. The system of claim 2984, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3004. An in situ method for heating a coal formation, comprising: 

heating a portion of me formation to a temperature sufficient to support reaction 
30 of hydrocarbons within the /portion of the formation with an oxidizing fluid, wherein 

heating comprises applying an electrical current to a conductor disposed in a first conduit 



the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 




5 
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to provide heat to the portion, and wherein the first conduit is disposed within the 
opening; 

providing the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
5 the reaction zone to generate heat at the reaction zoneyand 

transferring the generated heat substantially tyy conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3005. The method of claim 3004, further comprising transporting the oxidizing fluid 
10 through the reaction zone by diffusion. 

3006. The method of claim 3004, further comprising directing at least a portion of the 
oxidizing fluid into the opening through o/ifices of a second conduit disposed in the 
opening. 

15 

3007. The method of claim 3004, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a second conduit disposed in the opening such that a 
rate of oxidation is controlled. 

20 3008. The method of claim 3004/ further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3009. The method of claim 3004, wherein a second conduit is disposed in the opening, 
25 the method further comprising cooling the second conduit with the oxidizing fluid to 
reduce heating of the second/conduit by oxidation. 



3010. The method of clai: 
opening, the method furthe 



3004, wherein a second conduit is disposed within the 
• comprising removing an oxidation product from the 



30 formation through the second conduit 
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301 1. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and transferring heat from the oxidation product in 
the conduit to the oxidizing fluid in the second conduit. 



10 



3012. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxiaation product from the 
formation through the second conduit, wherein a flow rate of the oxidizing fluid in the 
second conduit is approximately equal to a flow rate qf the oxidation product in the 
second conduit. 



15 



3013. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the second cpnduit to reduce contamination of the 
oxidation product by the oxidizing fluid. 



20 



3014. The method of claim 3004, whereinra second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the conduit and substantially inhibiting the oxidation product from 
flowing into portions of the formation beyond the reaction zone. 



25 



30 



3015. The method of claim 3004, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3016. The method of claim 3004, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing/fluid into the opening through the center conduit and 



removing an oxidation product thrc 



ugh the outer conduit. 
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3017. The method of claim 3004, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3018. The method of claim 3004, further comprising removing water from the formation 
5 prior to heating the portion. / 

3019. The method of claim 3004, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

10 3020. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

302 1 . The method of claim 3004, further comprising coupling an overburden casing to 
1 5 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing comprises steel. 

3022. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 

20 formation, and wherein the overburden casing is further disposed in cement. 

3023. The method of claim 300A, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

25 / 

3024. A system configured™ heat a coal formation, comprising: 

an insulated conductor disposed in an opening in the formation, wherein the 
insulated conductor is configured to provide heat to at least a portion of the formation 
during use; / 
30 an oxidizing fluid/source; 
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a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at t^ie reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone oythe formation during use. 



3025. The system of claim 3024, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing flyid is transported through the reaction 
10 zone substantially by diffusion. 



3026. The system of claim 3024, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

15 3027. The system of claim 3024. wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3028. The system of claim 3024. wherein the conduit is configured to be cooled with the 

.20 oxidizing fluid such that the conduit is not substantially heated by oxidation. 

f 
i 

3029. The system of claim 3024/wherein the conduit is further configured to remove an 

/ 

oxidation product. j 

25 3030. The system of claim 30^4, wherein the conduit is further configured to remove an 
oxidation product, and wherein the conduit is further configured such that the oxidation 
product transfers substantial heat to the oxidizing fluid. 

303 1 . The system of claimf 3024, wherein the conduit is further configured to remove an 
30 oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



648 



Conley, Rose & Tayon ; P C. 



10 



3032. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the second conduit and 
a pressure of the oxidation product in the conduit are controlled to reduce contamination 
of the oxidation product by the oxidizing fluid. 

3033. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3034. The system of claim 3024, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3035. The system of claim 3024, further comprising a center conduit disposed within 

1 5 the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the ^onduit is further configured to remove an 
oxidation product during use. 

3036. The system of claim 3024, wherein the portion of the formation extends radially 
20 from the opening a width of less than approximately 0.2 m. 



25 



3037. The system of claim 3024,/further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3038. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3039. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

5 3040. The system of claim 3024, further comprising an.overburden casing coupled to 
the opening, wherein a packing material is disposed at ^junction of the overburden 
casing and the opening. 

3041. The system of claim 3024, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

15 3042. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

20 3043. The system of claim 30247 wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



3044. A system configurable Ao heat a coal formation, comprising: 

an insulated conductor configurable to be disposed in an opening in the formation, 
25 wherein the insulated conductor is further configurable to provide heat to at least a 
portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
30 allow the oxidizing fluid o oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

\ 
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wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3045. The system of claim 3044, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 



10 



3046. The system of claim 3044, wherein the condutf comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3047. The system of claim 3044, wherein the cpnduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



15 3048. The system of claim 3044, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such thatyahe conduit is not substantially heated by 
oxidation. 

3049. The system of claim 3044, wherein the conduit is further configurable to remove 
20 an oxidation product. 

3050. The system of claim 3044/ wherein the conduit is further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

25 305 1 . The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



30 



3052. The system of claini 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
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pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3053. The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction/zone. 

3054. The system of claim 3044, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3055. The system of claim 3044, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use. and wherein the conduit is further configurable to remove an 
oxidation product during use. 

3056. The system of claim 3044, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3057. The system of claim 3044, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



25 



3058. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



30 



3059. The system of claim 3044/ further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



652 



Conley, Rose & Tayon. P C. 



3060. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3061 . The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3062. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material/comprises cement. 

3063. The system of claim 3044, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



3064. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation ta a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to an insulated conductor to provide heat 
to the portion, and wherein the insulated/conductor is disposed within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at tme reaction zone; and 

transferring the generated hezjft substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation.] 



3065. The method of claim 3064 
through the reaction zone by diffus 



\irther comprising transporting the oxidizing fluid 
ion. 



V 



653 



Con ley, Rose & Tayon, PC. 




3066. The method of claim 3064, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices, of a conduit disposed in the opening. 

5 3067. The method of claim 3064. further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the openin/such that a rate of 
oxidation is controlled. / 

3068. The method of claim 3064, further comprising increasing a flow of the oxidizing 
10 fluid in the opening to accommodate an increase in a volume of the reaction zone such 

that a rate of oxidation is substantially constant over time within the reaction zone. 

3069. The method of claim 3064, wherein a conduit is/disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 

1 5 of the conduit by oxidation. / 

3070. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. / 

20 / 

3071 . The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. / 

25 / 

3072. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

30 
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3073. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidatio^ product by the oxidizing 
fluid. 



10 



3074. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 



3075. The method of claim 3064, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the/formation beyond the reaction zone. 

15 3076. The method of claim 3064, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid imo the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

20 3077. The method of claim 3064, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3078. The method of claim 3064, further comprising removing water from the formation 
prior to heating the portion. 



25 



3079. The method of claim 3064, further comprising controlling the temperature of the 
formation to substantially inhibit; production of oxides of nitrogen during oxidation. 



3080. The method of claim 3064, further comprising coupling an overburden casing to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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3081. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

5 

3082. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in ^n overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

10 3083. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed/at a junction of the overburden 
casing and the opening. / 

3084. The method of claim 3064, wherein the pyrolysis zone is substantially adjacent to 
15 the reaction zone. / 

3085. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
20 portion is located substantially adjacent to an opening in the formation, wherein heating 
comprises applying an electrical curreny to an insulated conductor to provide heat to the 
portion, wherein the insulated conductor is coupled to a conduit, wherein the conduit 
comprises critical flow orifices, and wherein the conduit is disposed within the opening; 
providing the oxidizing fluid lo a reaction zone in the formation; 
25 allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 

the reaction zone to generate heat at the reaction zone; and 

transferring the generated meat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

30 3086. The method of claim 3085, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 



656 



Conley, Rose & Tayon. P C. 



3087. The method of claim 3085, further comprising controlling a flow of the oxidizing 
fluid with the critical flow orifices such that a rate of oxidation is controlled. 



5 3088. The method of claim 3085, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 



3089. The method of claim 3085, further comprising cooling the conduit with the 
10 oxidizing fluid to reduce heating of the conduit £y oxidation. 

3090. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit. 

15 3091 . The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduii and transferring heat from the oxidation product 
in the conduit to the oxidizing fluid in the conduit. 

3092. The method of claim 3085, further comprising removing an oxidation product 
20 from the formation through the conduit, wherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to/a flow rate of the oxidation product in the conduit. 



25 



3093. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and controlling a pressure between the oxidizing 
fluid and the oxidation product in the conduit to reduce contamination of the oxidation 
product by the oxidizing fluiq. 



3094. The method of claim/ 3085, further comprising removing an oxidation product 



from the formation through 



30 from flowing into portions of the formation beyond the reaction zone. 



;he conduit and substantially inhibiting the oxidation product 
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3095. The method of claim. 3085, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3096. The method of claim 3085, wherein a center conduit is disposed within the 

5 conduit, the method further comprising providing the oxidizing fluid into the opening 



3097. The method of claim 3085, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. / 

10 / 

3098. The method of claim 3085, further comprising removing water from the formation 
prior to heating the portion. / 

3099. The method of claim 3085, further comprising controlling the temperature of the 
15 formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3 100. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

20 / 

3101. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is d/sposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

25 3 102. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3 103. The method of claim 3085, furtner comprising coupling an overburden casing to 
30 the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 



through the center conduit and removing an oxidation product through th£ conduit. 
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3 104. The method of claim 3085, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

5 3105. A system configured to heat a coal formation, comprising: 

at least one elongated member disposed in an opening in the formation, wherein at 
least the one elongated member is configured to provide heat to at least a portion of the 
formation during use; 

an oxidizing fluid source; 
10 a conduit disposed in the opening, wherein the conduit i^ configured to provide an 

oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at feast some hydrocarbons at 
the reaction zone during use such that heat is generated at me reaction zone; and 
wherein the system is configured to allow heat to /transfer substantially by 
15 conduction from the reaction zone to a pyrolysis zone of the formation during use. 



20 



3 106. The system of claim 3 105, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluip is transported through the reaction 
zone substantially by diffusion. 

3 107. The system of claim 3 1 05, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 



3108. The system of claim 3105, wherein thi conduit comprises critical flow orifices, 
25 and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



30 



3 109. The system of claim 3 105, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 
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3110. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product. 

3111. The system of claim 3 105. wherein the conduit is further configured to remove an 
5 oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



3112. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 



10 



15 



approximately equal to a flow rate of the oxidation product^ the conduit. 

3113. The system of claim 3105, wherein the conduit is^ further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. / 

3114. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyona the reaction zone. 



20 3115. The system of claim 3105, wherein ihe oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3116. The system of claim 3 105, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 

25 the opening during use, and wherein Jrie conduit is further configured to remove an 
oxidation product during use. 

3117. The system of claim 3 105,/wherein the portion of the formation extends radially 
from the opening a width of less j!nan approximately 0.2 m. 

30 
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3118. The system of claim 3105. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 

5 31 19. The system of claim 3105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed f an overburden of the 



20 



formation. 



and wherein the overburden casing comprises steel 



3120. The system of claim 3 105, further comprising an overburden casing coupled to 
,0 the opening, wherein the overburden casing is disp/sed in an overburden of the 
formation, and wherein the overburden casing is fiurther disposed in cement. 

3 p 1 The system of claim 3105, further com/rising an overburden casing coupled to 
the opening, wherein a packing material is dis/osed at a junction of the overburden 

1 5 casing and the opening. 



30 



3122. The system of claim 3105, furthenfcomprising an 



overburden casing coupled to 



the opening, wherein the overburden cas/ng is disposed in an overburden of the 
formation, wherein a packing material if disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially mhibit a 
flow of fluid between the opening and/the overburden casing during use. 

3123. The system of claim 3105, fiirther comprising an overburden casing coupled to 
the opening wherein the overburdei casing is disposed in an overburden of the 
25 formation, wherein a packing matefial is disposed at a junction of the overburden casing 
and the opening, and wherein the lacking material comprises cement. 



3124. The system of claim 310^ 
transferred heat can pyrolyze at 

3125. A system configurable to 



wherein the system is further configured such that 
:ast some hydrocarbons in the pyrolysis zone. 

heat a coal formation, comprising: 
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at least one elongated member configurable to be disposed in an opening in the 
formation, wherein at least the one elongated member is further configurable to provide 
heat to at least a portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
5 further configurable to provide an oxidizing fluid from the'bxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reactionione; and 

w r herein the system is further configurable Jto allow heat to transfer substantially 
10 by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3126. The system of claim 3125, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidising fluid is transported through the reaction 
zone substantially by diffusion. 

15 

3127. The system of claim 3 125, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide/the oxidizing fluid into the opening. 

3128. The system of claim 3125, wtterein the conduit comprises critical flow orifices, 
20 and wherein the critical flow orifices are configurable to control a flow of the oxidizing 

fluid such that a rate of oxidation in the formation is controlled. 

3129. The system of claim 3 125/, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid s/ich that the conduit is not substantially heated by 

25 oxidation. 

3130. The system of claim 3/25, wherein the conduit is further configurable to remove 
an oxidation product. 

30 3131. The system of claim B 1 25, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 
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3132. The system of claim 3125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3133. The system of claim 3125. wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are con/oiled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3134. The system of claim 3125, wherein the cor/duit is further configurable to remove 
an oxidation product, and wherein the oxidation /roduct is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3135. The system of claim 3125, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3136. The system of claim 3125, furth/r comprising a center conduit disposed within 
the conduit, wherein center conduit is /onfigurable to provide the oxidizing fluid into the 

20 opening during use, and wherein the j/onduit is further configurable to remove an 
oxidation product during use. 

3137. The system of claim 3 125 /wherein the portion of the formation extends radially 
from the opening a width of lessAhan approximately 0.2 m. 



3138. The system of claim 3 Jl5, further comprising an overburden casing coupled to 
the opening, wherein the overjburden casing is disposed in an overburden of the 
formation. 
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3139. The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises; steel. 

3 140. The system of claim 3 125, further comprisingan overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3141. The system of claim 3125. further comprising an overburden casing coupled to 
10 the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



15 



3 142. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material/is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 



a flow of fluid between the opening and the overburden casing during use. 



3 143. The system of claim 3 12 further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein/the packing material comprises cement. 

3 1 44. The system of clainy 3125. wherein the system is further configurable such that 
25 transferred heat can pyrolvze at least some hydrocarbons in the pyrolysis zone. 



30 



3 145. An in situ method for heating a coal formation, comprising: 

heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within/the portion of the formation with an oxidizing fluid, wherein 
heating comprises appl/ying an electrical current to at least one elongated member to 
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provide heat to the portion, and wherein at least the one elongated member is disposed 
within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
5 the reaction zone to generate heat at the reaction zone; and 



3 146. The method of claim 3 145, further comprising transporting the oxidizing fluid 
10 through the reaction zone by diffusion. / 

3 147. The method of claim 3 145, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices/of a conduit disposed in the opening. 

15 3 148. The method of claim 3 145, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled. / 

3 149. The method of claim 3 145, further comprising increasing a flow of the oxidizing 
20 fluid in the opening to accommodate an increase in a volume of the reaction zone such 

that a rate of oxidation is substantially constant over time within the reaction zone. 

3 1 50. The method of claim 3 145, wherein a conduit is disposed in the opening, the 
method further comprising cooling the conduit with the oxidizing fluid to reduce heating 

25 of the conduit by oxidation. / 

3151. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising renroving an oxidation product from the formation through 
the conduit. / 

30 / 




zone 



/ 
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3 152. The method of claim 3 145. wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

/ 

3153. The method of claim 3145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation productirom the formation through 
the conduit, wherein a flow rate of the oxidizing fluid inAe conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 



3 154. The method of claim 3 145, wherein a condidit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between me oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 

15 fluid. 

3155. The method of claim 3145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 

20 of the formation beyond the reaction zone. 

3 156. The method of claim 3 145; further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

25 3157. The method of claim Vl 45, wherein a center conduit is disposed within an outer 
conduit, and wherein the outp conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

30 3158. The method of claim 3 145, wherein the portion of the formation extends radially 
from the opening a widtft of less than approximately 0.2 m. 
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3 159. The method of claim 3145, further comprising removing water from the formation 
prior to heating the portion. 

5 3 160. The method of claim 3 145, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



10 



3161. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in overburden of the 
formation. 



3 162. The method of claim 3 145. further comprisinoxoupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

15 / 

3 163. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

20 3 164. The method of claim 3 145, further comprising coupling an overburden casing to 
the opening, wherein a packing material if disposed at a junction of the overburden 
casing and the opening. 

3 165. The method of claim 3 145, wherein the pyrolysis zone is substantially adjacent to 
25 the reaction zone. 



30 



3 166. A system configured to heat a coal formation, comprising: 

a heat exchanger disposed external to the formation, wherein the heat exchanger 
is configured to heat an oxidizing fluid during use; 

a conduit disposed in the opening, wherein the conduit is configured to provide 
the heated oxidizing fluid from the heat exchanger to at least a portion of the formation 
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during use, wherein the system is configured to allow heat to transfer from the heated 
oxidizing fluid to at least the portion of the formation during use, and wherein the 
oxidizing fluid is selected to oxidize at least some hydrocarbons at a reaction zone in the 
formation during use such that heat is generated at the react^n zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone ofthe formation during use. 



10 



3 1 67. The system of claim 3 1 66, wherein the oxidising fluid is configured to generate 
heat in the reaction zone such that the oxidizing flyid is transported through the reaction 
zone substantially by diffusion. 



3 168. The system of claim 3 166, wherein th^ conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

15 3169. The system of claim 3 1 66, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices ara configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3 1 70. The system of claim 3 1 66, wherein the conduit is further configured to be cooled 
20 with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

3171. The system of claim 3 166/ wherein the conduit is further configured to remove an 
oxidation product. 

25 3 172. The system of claim 3 1&6, wherein the conduit is further configured to remove an 
oxidation product, such that tne oxidation product transfers heat to the oxidizing fluid. 



3 173. The system of claim 6 166, wherein the conduit is further configured to remove an 
oxidation product, and whenein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 
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3174. The system of claim 3166, wherein the conduit is further configured to remove an 
oxidation product and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3 175. The system of claim 3 166, wherein the condui/is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

10 3176. The system of claim 3 166. wherein thfe oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



15 



3 177. The system of claim 3 166, further comprising a center conduit disposed within 
the conduit, wherein the center conduLc is configured to provide the oxidizing fluid into 
the opening during use, and wherein/fhe conduit is further configured to remove an 
oxidation product during use. 



3 1 78. The system of claim 3 166, wherein the portion of the formation extends radially 
from the opening a width of les^ than approximately 0.2 m. 

20 

3179. The system of claim 3^1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

25 3180. The system of ck/im 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein th£ overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel 



3181. The system off claim 3166, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wheifein the overburden casing is further disposed in cement. 



669 



Conley, Rose & Tayon. P.C. 



3 182. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3 1 83. The system of claim 3 1 66, further comprising^ overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed it a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
10 flow of fluid between the opening and the overburden casing during use. 



3 184. The system of claim 3 166, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

15 and the opening, and wherein the packing material comprises cement. 

3185. A system configurable to heat/a coal formation, comprising: 

a heat exchanger configurable to be disposed external to the formation, wherein 
the heat exchanger is further configurable to heat an oxidizing fluid during use; 

20 a conduit configurable to he disposed in the opening, wherein the conduit is 

further configurable to provide the heated oxidizing fluid from the heat exchanger to at 
least a portion of the formation auring use, wherein the system is configurable to allow 
heat to transfer from the heatecy oxidizing fluid to at least the portion of the formation 
during use, and wherein the svstem is further configurable to allow the oxidizing fluid to 

25 oxidize at least some hydrocarbons at a reaction zone in the formation during use such 
that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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3 1 86. The system of claim 3 1 85, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

5 3187. The system of claim 3185. wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



10 



3 1 88. The system of claim 3185. wherein tire conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



15 



3 1 89. The system of claim 3185. wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such ^nat the conduit is not substantially heated by 
oxidation. 

3190. The system of claim 3185/ wherein the conduit is further configurable to remove 
an oxidation product. 



3191. The system of claim 3 f 85, wherein the conduit is further configurable to remove 
20 an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 



25 



30 



3 1 92. The system of claim 3185. wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

3 193. The system of cLaim 3 185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product fey the oxidizing fluid. 
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3 194. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

5 3 195. The system of claim 3 1 85, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 196. The system of claim 3 1 85, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 

10 opening during use, and wherein the second conduit is further configurable to remove an 
oxidation product during use. / 

3 197. The system of claim 3185, wherein/fhe portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

15 / 

3 198. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

20 3 199. The system of claim 3 185,/further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3200. The system of claim 3V85, further comprising an overburden casing coupled to 
25 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 



3201 . The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 
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3202. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a 



flow of fluid between the opening and. the overburden casing during use. 



/ 



3203. The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein the overburdeh casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the/packing material comprises cement. 

NDC (HEAT EXCHANGER PREHEATING METHOD) 

3204. An in situ method for Heating a coal formation, comprising: 

heating a portion of th'e formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises: 

heating the oxidiziig fluid with a heat exchanger, wherein the heat exchanger is 
disposed external to the formation; 

providing the hea/ed oxidizing fluid from the heat exchanger to the portion of the 

formation; and 

allowing heat \J transfer from the heated oxidizing fluid to the portion of the 
formation; 

providing the ixidizing fluid to a reaction zone in the formation; 
allowing the ixidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 



transferring 
to a pyrolysis zone 



he generated heat substantially by conduction from the reaction zone 
in the formation. 



30 



3205. The method 
through the reactio 



of claim 3204, further comprising transporting the oxidizing fluid 
n zone by diffusion. 
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3206. The method of claim 3204. further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3207. The method of claim 3204, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit dispose/1 in the opening such that a rate of 
oxidation is controlled. 

3208. The method of claim 3204, further con/prising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially cons/ant over time within the reaction zone. 



15 



3209. The method of claim 3204, wherein a conduit is disposed in the opening, the 
method further comprising cooling the ^onduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

3210. The method of claim 3204, ^herein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 



20 321 1. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

25 32 1 2. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 



30 3213. The method o 
method further 



claim 3204, wherein a conduit is disposed within the opening, the 
comprising removing an oxidation product from the formation through 
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the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. 

5 3214. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. / 

10 3215. The method of claim 3204, further comp/ising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3216. The method of claim 3204, wherein k center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further. 

15 comprising providing the oxidizing fluid/into the opening through the center conduit and 
removing an oxidation product through/the outer conduit. 

3217. The method of claim 3204, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

20 / 

3218. The method of claim 3204, further comprising removing water from the formation 
prior to heating the portion. / 

3219. The method of claim 3204, further comprising controlling the temperature of the 
25 formation to substantially inhabit production of oxides of nitrogen during oxidation. 

3220. The method of claii 
the opening, wherein the o 
formation. / 



3204, further comprising coupling an overburden casing to 
l^erburden casing is disposed in an overburden of the 
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322 1 . The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



5 3222. The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing isytiisposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3223. The method of claim 3204, further/ comprising coupling an overburden casing to 
10 the opening, wherein a packing material/is disposed at a junction of the overburden 
casing and the opening. 



15 



20 



3224. The method of claim 3204, vyherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 

3225. An in situ method for hewing a coal formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the poyrion of the formation with an oxidizing fluid, wherein 
heating comprises: 

oxidizing a fuel gas a heater, wherein the heater is disposed external to the 
formation; 

providing the oxidjfeed fuel gas from the heater to the portion of the formation: 

and 

allowing heat to j/ransfer from the oxidized fuel gas to the portion of the 
formation; 

providing the oxidizing fluid to a reaction zone in the formation; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring th ; generated heat substantially by conduction from the reaction zone 
30 to a pyrolysis zone in the formation. 



25 
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3226. The method of claim 3225, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

/ 

3227. The method of claim 3225, further comprising directing at least a portion of the 
5 oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



10 



/ 



/ 



3228. The method of claim 3225, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposejd in the opening such that a rate of 
oxidation is controlled. 



3229. The method of claim 3225, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

15 3230. The method of claim 3225, wherein a conduit is disposed in the opening, the 

method further comprising cooling the (/onduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

323 1 . The method of claim 3225, Wherein a conduit is disposed within the opening, the 
20 method further comprising removing an oxidation product from the formation through 
the conduit. 



25 



3232. The method of claim 32j5, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring he^at from the oxidation product in the conduit to the 
oxidizing fluid in the conduit.] 



3233. The method of claim/3225, wherein a conduit is disposed within the opening, the 
method further comprising nemoving an oxidation product from the formation through 
the conduit, wherein a flow/rate of the oxidizing fluid in the conduit is approximately- 
equal to a flow rate of the oxidation product in the conduit. 
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3234. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 

5 product in the conduit to reduce contamination of the oxidation product by the oxidizing 
fluid. / 

3235. The method of claim 3225, wherein a conduit/is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 

10 the conduit and substantially inhibiting the oxidation product from flowing into portions 
of the formation beyond the reaction zone. / 

3236. The method of claim 3225, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions cm the formation beyond the reaction zone. 

15 / 

3237. The method of claim 3225, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit /s disposed within the opening, the method further 
comprising providing the oxidizing flmd into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 

20 / 

3238. The method of claim 3225/ wherein the portion of the formation extends radially 
from the opening a width of lessyman approximately 0.2 m. 

3239. The method of claim 3£25, further comprising removing water from the formation 
25 prior to heating the portion. / 

3240. The method of claim 3225, further comprising controlling the temperature of the 
formation to substantially ynhibit production of oxides of nitrogen during oxidation. 
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3241. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

5 3242. The method of claim 3225, further comprising coupling Jft overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3243. The method of claim 3225, further comprising coupling an overburden casing to 
10 the opening, wherein the overburden casing is disposed^ in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



15 



3244. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



20 



25 



3245. The method of claim 3225, wherein tpe pyrolysis zone is substantially adjacent to 
the reaction zone. 

3246. A system configured to heat a coal /formation, comprising: 
an insulated conductor disposed within an open wellbore in the formation, 

wherein the insulated conductor is configured to provide radiant heat to at least a portion 
of the formation during use; and 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section of the/formation during use. 

3247. The system of claim 3246, vt herein the insulated conductor is further configured 
to generate heat during applicatioiyof an electrical current to the insulated conductor 
during use. 



30 3248. The system of claim 3246 
support member is configured to 



further comprising a support member, wherein the 
support the insulated conductor. 
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3249. The system of claim 3246, further comprising a support member and a centralizes 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 

5 the support member. 

3250. The system of claim 3246, wherein the open/wellbore comprises a diameter of at 
least approximately 5 cm. 

10 325 1 . The system of claim 3246, further comp/ising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in condi/ctor comprises a low resistance conductor 
configured to generate substantially no heat 

3252. The system of claim 3246, further comprising a lead-in conductor coupled to the 
15 insulated conductor, wherein the lead-in Conductor comprises a rubber insulated 
conductor. 



20 



3253. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the leap-in conductor comprises a copper wire. 

3254. The system of claim 3246,/further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 



3255. The system of claim 3246, further comprising a lead-in conductor coupled to the 
25 insulated conductor with a cola pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



3256. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath. 
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3257. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 

copper-nickel alloy. / ) 

'* / 

3258. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy compris/s approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. 

3259. The system of claim 3246, wherein the insul/ted conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy/comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weighty 

3260. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating mater/al, and wherein the electrically insulating 
material comprises a thermally conductive material. 

326 1 . The system of claim 3246, whe/ein the insulated conductor comprises a conductor 
disposed in an electrically insulating /taterial, and wherein the electrically insulating 
material comprises magnesium oxi( 

3262. The system of claim 3246/wherein the insulated conductor comprises a conductor 
disposed in an electrically insula/ing material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3263. The system of claim ^246, wherein the insulated conductor comprises a conductor 
disposed in an electrically iiulating material, and wherein the electrically insulating 
material comprises aluminuin oxide and magnesium oxide. 
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3264. The system of claim 3246. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. 



3265. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant 

10 material. 

3266. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, arid wherein the electrically insulating 
material is disposed in a sheath, and wherein tjfte sheath comprises stainless steel. 

15 

3267. The system of claim 3246, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 

20 3268. The system of claim 3246, furttter comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series/electrical configuration. 

25 3269. The system of claim 3246ifurther comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 

30 3270. The system of claim 3246, wherein the insulated conductor is configured to 

generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 
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3271. The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into the open wellbore 
5 during use. 7 



3272. The system of claim 3246, further comprising a'support member configured to 
support the insulated conductor, wherein the support ^nember comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 



3273. The system of claim 3246. further comprising a tube coupled to the insulated 
conductor, wherein the tube is configured to provide a flow of fluid into the open 
wellbore during use. / 

15 / 

3274. The system of claim 3246, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow through the support member into the open 
wellbore during use. / 

20 / 

3275. The system of claim 3246, furtmer comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. / 

25 3276. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3277. The system of claim 32461 further comprising an overburden casing coupled to 
30 the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 




10 support member into the open wellbore during use/ 
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3278. The system of claim 3246, farther comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 

3279. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configured to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 

3280. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material/is disposed at a junction of the overburden casing 
and the open wellbore, and wherein me packing material comprises cement. 

3281. The system of claim 3246,lurther comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least thp one sealing flange is configured to couple to the lead-in 
conductor. 

3282. The system of claim/3246, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some of the hydrocarbons in the 
selected section. 



3283. A system configuraDle to heat a coal formation, comprising: 
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an insulated conductor configurable to be disposed within an open wellbore in the 
formation, wherein the insulated conductor is further configurable to provide radiant heat 
to at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the insulated 
5 conductor to a selected section of the formation during use. ^ 

/ 



3284. The system of claim 3283, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. / 



3285. The system of claim 3283, further comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 

3286. The system of claim 3283, further comprising a support member and a centralizes . 
15 wherein the support member is configurable vto support the insulated conductor, and 

wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. / 

3287. The system of claim 3283, wherein the open wellbore comprises a diameter of at 
20 least approximately 5 cm. / 

3288. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 

25 / 

3289. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. / 

30 3290. The system of claim B283, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 



10 
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3291. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

5 3292. The system of claim 3283, further comprising/a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistanj/e insulated conductor. 

3293. The system of claim 3283. wherein the insulated conductor comprises a conductor 
10 disposed in an electrically insulating material, and wherein the electrically insulating 

material is disposed in a sheath. / 

3294. The system of claim 3283. wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating/material, and wherein the conductor comprises a 

15 copper-nickel alloy. / 

3295. The system of claim 328i, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the aopper-nickel alloy comprises approximately 7 % nickel by 

20 weight to approximately 12 % nickel by weight. 

3296. The system of clainy 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein rhe copper-nickel alloy comprises approximately 2 % nickel by 

25 weight to approximately 6 % nickel by weight. 

3297. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 



30 
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3998. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 

5 3299 The svstem of claim 3283, wherein the insulated conduct^ comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and wherein the magnesium oxjle comprises a thickness of 

at least approximately 1 mm. 

10 3300. The system of claim 3283, wherein the insulated/onductor comprises a conductor 
disposed in an electrically insulating material and wherein the electrically insulating 
material comprises aluminum oxide and magnesium ySxide. 

3301 The svstem of claim 3283, wherein the inflated conductor comprises a conductor 
, 5 disposed in an electrically insulating material, w4rein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurate to occupy porous spaces within the 
masnesium oxide. 



20 



3302. The svstem of claim 3283, where/n the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and w/erein the sheath comprises a corrosion-resistant 

material. 

3303. The system of claim 3283, /herein the insulated conductor comprises a conductor 
disposed in an electrically insulatiAg material, and wherein the electrically insulating 
material is disposed in a sheath, Jnd wherein the sheath comprises stainless steel. 

3304. The system of claim 3283, further comprising two additional insulated 

30 conductors, wherein the insula/ed conductor and the two additional insulated conductor- 
are configurable in a 3-phase Y configuration. 



25 
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3305. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated, conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 

5 conductor are configurable in a series electrical configurations 

3306. The system of claim 3283, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor amd the additional insulated 

.10 conductor are configurable in a parallel electrical configuration. 

3307. The system of claim 3283, wherein the insulated conductor is configurable, to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

15 3308. The system of claim 3283, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through thp support member into the open wellbore 
during use. 

20 3309. The system of claim 3283, further Comprising a support member configurable to 
support the insulated conductor, wherein me support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the open wellbore miring use. 



25 3310. The system of claim 3283, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable to provide a flow of fluid into the open 
wellbore during use. 



3311. The system of claim 3283, further 
30 conductor, wherein the tube comprises 



comprising a tube coupled to the first insulated 
critical flow orifices configurable to provide a 
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substantially constant amount of fluid flow through the support member into the open 
wellbore during use. 

3312. The system of claim 3283, further comprising an overburden casing coupled to 
5 the open wellbore, wherein the overburden casing is disposed in an overburden of the 

formation, // 

3313. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposedAn an overburden of the 

10 formation, and wherein the overburden casing comprises steel. 

3314. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is furcher disposed in cement. 

15 / 

33 1 5. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden cas/ng is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. / 

20 / 

33 1 6. The system of claim 3283, further/comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a. packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configurable to substantially 

25 inhibit a flow of fluid between the open wellbore and the overburden casing during use. 

3317. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

30 and the open wellbore, and wherein the packing material comprises cement. 
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3318. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled tj the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 

5 disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. 

3319. The system of claim 3283, wherein the systemyfs further configured to transfer 
10 heat such that the transferred heat can pyrolyze at le^st some hydrocarbons in the selected 

section. 



20. An in situ method for heating a coal formation, comprising: 

applying an electrical current to an insulated conductor to provide radiant heat to 
15 at least a portion of the formation, wherein the/insulated conductor is disposed within an 
open wellbore in the formation; and 

allowing the radiant heat to transfer ^rom the insulated conductor to a selected 
section of the formation. 



20 3321. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member. 



25 



3322. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and maintaining a location of the insulated conductor on the support 
member with a centralizes 



30 



3323. The method of claim 33207 wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the open wellbore, and wherein the three insulated 
conductors are electrically coupled in a 3-phase Y configuration. 



\ 
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3324. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore. 

3325. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in a series configuration. 

3326. The method of claim 3320, wherein an additional instated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in a parallel configuration. 

3327. The method of claim 3320, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 

3328. The method of claim 3320, wherein the i/sulated conductor comprises a 
conductor disposed in an electrically insulating/material, and wherein the conductor 
comprises a copper-nickel alloy. 

3329. The method of claim 3320, whereir/ the insulated conductor comprises a 
conductor disposed in an electrically insu/ating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by weight toLproximately 12 % nickel by weight. 

3330. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating materiaL wherein the conductor 
comprises a copper-nickel alloy, ai wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



30 



3331. The method of claim 332 



h wherein the insulated conductor comprises a 

conductor disposed in an electricLlly insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 
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3332. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 

3333. The method of claim 3320, wherein the insulated c/nductor comprises a 



15 



conductor disposed in an electrically insulating material/and wherein the electrically 
insulating material comprises aluminum oxide and magnesium oxide. 

3334. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxidejwherein the magnesium oxide comprises 
grain particles, and wherein the grain particles ^re configured to occupy porous spaces 
within the magnesium oxide. 



20 



3335. The method of claim 3320, wherein/ the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sneath comprises a corrosion-resistant material. 

3336. The method of claim 3320. wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein me sheath comprises stainless steel. 



25 3337. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member and flowing p. fluid into the open wellbore through an orifice in the 
support member. 



3338. The method of claim 332 
30 on a support member and flowin 

wellbore through critical flow orifices 



, further comprising supporting the insulated conductor 
g a substantially constant amount of fluid into the open 
in the support member. 
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3339. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
fluid into the open wellbore through the perforated tube. 

3340. The method of claim 3320, wherein a tube is disposed in the open wellbore 
proximate to the insulated conductor, the method further/comprising flowing a 
substantially constant amount a fluid into the open we^bore through critical flow orifices 
in the tube. 

3341. The method of claim 3320, further composing supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the open wellbore 
through an orifice in the support member. 



15 3342. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
corrosion inhibiting fluid into the openywellbore through the perforated tube. 

3343. The method of claim 3320, fi)foher comprising determining a temperature 
20 distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 



25 



30 



3344. The method of claim 332(jf, further comprising monitoring a leakage current of the 
insulated conductor. 

3345. The method of claim 33£0, further comprising monitoring the applied electrical 
current. 



3346. The method of claim 3: 
insulated conductor. 



20, further comprising monitoring a voltage applied to the 
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3347. The method of claim 3320. further comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3348. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3349. The method of claim 3320, further comprising/electrically coupling a lead-in 
conductor to the insulated conductor using a cold^pi^transition conductor. 

3350. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises a sub^antially low resistance insulated 
conductor. / 

15 / 

3351. The method of claim 3320, furthe/ comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation. 

20 3352. The method of claim 3320, farther comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3353. The method of claim 3320, further comprising coupling an overburden casing to 
25 the open wellbore, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3354. The method of claim B320, further comprising coupling an overburden casing to 
the open wellbore, wherein tne overburden casing is disposed in an overburden of the 

30 formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the open wellbore. 
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3355. The method of claim 3320, further comprising coupling overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the open wellbore and the overburden casing with a packing material. 

3356. The method of claim 3320, further comprising heating at least the portion of the 
formation to pyrolyze at least some hydrocarbons within the formation. 



10 3357. An in situ method for heating a coal formation, comprising: 

applying an electrical current to an insulated conductor to provide heat to at least 
a portion of the formation, wherein the insulated conductor is disposed within an opening 
in the formation; and 

allowing the heat to transfer from/the insulated conductor to a section of the 
15 formation. 

3358. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member. 

20 3359. The method of claim 3357/ further comprising supporting the insulated conductor 
on a support member and maintaining a location of the first insulated conductor on the 
support member with a centralizes 

3360. The method of claim 3-557, wherein the insulated conductor is coupled to two 
25 additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3-phase Y configuration. 



3361. The method of clajfm 3357, wherein an additional insulated conductor is disposed 
30 within the opening. 
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3362. The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. / 

/ 

5 3363. The method of claim 3357, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 



10 



3364. The method of claim 3357, wherein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/m. 



15 



20 



25 



3365. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein, the conductor 
comprises a copper-nickel alloy. 

3366. The method of claim 3357, whereiri the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wnerein the copper-nickel alloy comprises 
approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3367. The method of claim 3357Jwherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloyVand wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3368. The method of claim 2357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises magnesium oxide. 



30 3369. The method of claim 3357, wherein the insulated conductor comprises a 



conductor disposed in an 



electrically insulating material, wherein the electrically 
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insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. h 

3370. The method of claim 3357, wherein the insulated conductor comprises a 
5 conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises aluminum oxide and magnesium oxide. 



3371. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 

10 insulating material comprises magnesium oxide/wherein the magnesium oxide comprises 
grain particles, and wherein the grain particles/are configured to occupy porous spaces 
within the magnesium oxide. 

3372. The method of claim 3357, where/n the insulated conductor comprises a 
15 conductor disposed in an electrically insulating material, wherein the insulating material 

is disposed in a sheath, and wherein the sheath comprises a corrosion-resistant material. 



20 



3373. The method of claim 3357, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and wherein the sheath comprises stainless steel. 



25 



3374. The method of claim 3357, further comprising supporting the insulated conductor 
on a support member and floying a fluid into the opening through an orifice in the 
support member. 

3375. The method of claim 3357. further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in the support member. 
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3376. The method of claim 3357. wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 



3377. The method of claim 3357, wherein a tube isjiisposed in the opening proximate to 
the insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical ^Fow orifices in the tube. 

3378. The method of claim 3357, further comprising supporting the insulated conductor 
10 on a support member and flowing a corrosio/i inhibiting fluid into the opening through an 

orifice in the support member. 



15 



3379. The method of claim 3357, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 



20 



3380. The method of claim 3357 ? /further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 

3381. The method of claim ^57, further comprising monitoring a leakage current of the 
insulated conductor. 



3382. The method of claip 3357, further comprising monitoring the applied electrical 
25 current. 



3383. The method of c/aim 3357, further comprising monitoring a voltage applied to the 
insulated conductor. 



30 3384. The method o 
insulated conductor 



claim 3357, further comprising monitoring a temperature in the 
With at least one thermocouple. 
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3385. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead 7 in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

/ 

3386. The method of claim 3357, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a^ld pin transition conductor. 

3387. The method of claim 3357, further/comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprise;/ a substantially low resistance insulated 
conductor. 



3388. The method of claim 3357, further comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



20 



3389. The method of claim 3i57, further comprising coupling an overburden casing to 
the opening, wherein the overourden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



25 



3390. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3391. The method of cl 
the opening, wherein the 
formation, and wherein 
casing and the opening. 



30 



im 3357, further comprising coupling an overburden casing to 
overburden casing is disposed in an overburden of the 
packing material is disposed at a junction of the overburden 
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3392. The method of claim 3357, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material 



3393. The method of claim 3357, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some hydrocarbons within the formation. 

3394. A system configured to heat a coal formation, comprising: 

10 an insulated conductor disposed within axi opening in the formation, wherein the 

insulated conductor is configured to provide heat to at least a portion of the formation 
during use, wherein the insulated conductor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises approximately 7 % nickel by weight to approximately 
12 % nickel by weight; and 

15 wherein the system is configured' to allow heat to transfer from the insulated 

conductor to a selected section of the formation during use. 

3395. The system of claim 3394, wherein the insulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 

20 during use. 

3396. The system of claim 3i94, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 

25 3397. The system of claim 3394, further comprising a support member and a centralizer, 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer i^ configured to maintain a location of the insulated conductor on 
the support member. 

30 3398. The system of plaim 3394, wherein the opening comprises a diameter of at least 
approximately 5 cm. 
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3399. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 

5 /* 

3400. The system of claim 3394, further corrfprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. / 

10 3401. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the le4d-in conductor comprises a copper wire. 

3402. The system of claim 33/94, further comprising a lead-in conductor coupled to the 
insulated conductor with a coid pin transition conductor. 

15 / 

3403. The system of claim 3394, further comprising a lead-in conductor coupled to the 
insulated conductor with/a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a Substantially low resistance insulated conductor. 

20 3404. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 

electrically insulating material, and wherein the electrically insulating material comprises 
a thermally conductive material. 

3405. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 

25 electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 

3406. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 

30 magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately I mm. 

\ 
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3407. The system of claim 3394. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. \ 



3408. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured to occupy porous spaces within/the magnesium oxide. 

3409. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 



15 3410. The system of claim 3394, wherein the copper-nickel/alloy is disposed in an 

electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel 



20 



25 



341 1. The system of claim 3394, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 



3412. The system of claim 3394, further comprising an ^ 
wherein the insulated conductor and the additional insula 
support member, and wherein the insulated conductor and 
conductor are configured in a series electrical configurati m 



3413. The system of claim 3394, further comprising an idditional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 



dditional insulated conductor, 
ed conductor are coupled to a 
the additional insulated 
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3414. The system of claim 3394, wherein the insulated conductor is configured to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 



5 341 5. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into/the opening during use. 



3416. The system of claim 3394, further comprising a support member configured to 
.10 support the insulated conductor, wherein the support member/comprises critical flow 
orifices configured to provide a substantially constant amoupt of fluid flow through the 
support member into the opening during use. 



341 7. The system of claim 3394, further comprising a tube coupled to the insulated 
15 conductor, wherein the tube is configured to provide a flow of fluid into the opening 
during use. 



20 



3418. The system of claim 3394, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amount of fluid flow througn the support member into the opening 
during use. 



25 



3419. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is pisposed in an overburden of the 
formation. 



30 



3420. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3421. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



3422. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in In overburden of the 
formation, and wherein a packing material is disposed at ^junction of the overburden 
casing and the opening. 



10 



15 



20 
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3423. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

3424. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing maternal comprises cement. 

3425. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is /disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 



disposed external to the overburden, wherein 
flange, and wherein at least the one sealing f 
conductor. 



3426. The system of claim 3394, wherein 
heat such that the transferred heat can pyrol) 
section. 



the wellhead comprises at least one sealing 
ange is configured to couple to the lead-in 



the system is further configured to transfer 
ze at least some hvdrocarbons in the selected 
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3427. A system configurable to heat a coal formation, comprising: 

an insulated conductor configurable to be disposed within an opening in the 
formation, wherein the insulated conductor is further configurable to provide heat to at 
5 least a portion of the formation during use, wherein the insulated conductor comprises a 
copper-nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % 

Y 

nickel by weight to approximately 12 % nickel by weight; 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 
10 / 

3428. The system of claim 3427, wherein the insulated conductor is further configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. / 

15 3429. The system of claim 3427, further comprising a support member, wherein the 
support member is configurable to suppoy the insulated conductor. 

3430. The system of claim 3427, further comprising a support member and a centralizer, 
wherein the support member is configurable to support the insulated conductor, and 

20 wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. / 

343 1 . The system of claim 3427, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

25 / 

3432. The system of claim 342/7, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein thp lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat. 



V 
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3433. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 



10 



3434. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3435. The system of claim 3427, further comprising/a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 



3436. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

15 3437. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 

electrically insulating material, and whereip the electrically insulating material comprises 
a thermally conductive material. 

3438. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
20 electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 



25 



3439. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 

3440. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 



electrically insulating material, and 



wherein the electrically insulating material comprises 



30 aluminum oxide and magnesium oxide. 
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3441 . The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy porous spaces within the magnesium oxide. 

/ 

3442. The system of claim 3427. wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically/insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 

10 3443. The system of claim 3427, wherein the copper- nickel alloy is disposed in an 

electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainLess steel. 

3444. The system of claim 3427, further comprising two additional insulated 
15 conductors, wherein the insulated conductor a/id the two additional insulated conductors 
are configurable in a 3 -phase Y configurator 



20 



3445. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration. 



25 



3446. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 



30 



3447. The system of claim 3427, w] 
generate radiant heat of approximate 



Lerein the insulated conductor is configurable to 
y 500 W/m to approximately 1 150 W/m during use. 
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10 



3448. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises orifices 
configurable to provide fluid flow through the support member into the open wellbore 
during use. ' 



3449. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 



3450. The system of claim 3427, further comprising a tube coupled to the insulated 
conductor, wherein the tube is configurable tp provide a flow of fluid into the opening 
during use. 

15 345 1 . The system of claim 3427, further/comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configurable to provide a 
substantially constant amount of fluid flpw through the support member into the opening 
during use. 

20 3452. The system of claim 3427, Wher comprising an overburden casing coupled to 
the opening, wherein the overburden/casing is disposed in an overburden of the 
formation. 



3453. The system of claim 3427, further comprising an overburden casing coupled to 
25 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3454. The system of claim 3427 
the opening, wherein the overburden 
30 formation, and wherein the 



further comprising an overburden casing coupled to 
casing is disposed in an overburden of the 
overburden casing is further disposed in cement. 
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3455. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a' junction of the overburden 
casing and the opening. 

3456. The system of claim 3427, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 

10 a flow of fluid between the opening and the overburden casing during use. 

3457. The system of claim 3427, further com/rising an overburden casing coupled to 
the opening, wherein the overburden casing is'' disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 

15 and the opening, and wherein the packing material comprises cement. 

3458. The system of claim 3427, further /comprising an overburden casing coupled to 
the opening, wherein the overburden casmg is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 

20 and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 

disposed external, to the overburden, wnerein the wellhead comprises at least one sealing 
flange, and wherein at least the one sejaling flange is configurable to couple to the lead-in 
conductor. 

25 3459. The system of claim 3427, wperein the system is further configured to transfer 

heat such that the transferred heat cah pyrolyze at least some hydrocarbons in the selected 
section. 



3460. An in situ method for heatirg 
applying an electrical current 
a portion of the formation, wherein 



a coal formation, comprising: 
to an insulated conductor to provide heat to at least 
the insulated conductor is disposed within an opening 



709 



Conlev, Rose & Tavon. P C. 



in the formation, and wherein the insulated conductor comprises a copper-nickel alloy of 
approximately 7 % nickel by weight to approximately 12 % nickel by weight; and 

allowing the heat to transfer from the insulated conductor to a selected section of 
the formation. 

/ 

346 1 . The method of claim 3460, further comprising supporting the insulated conductor 
on a support member. 

3462. The method of claim 3460, further comprising supporting the insulated conductor 
10 on a support member and maintaining a location o/i the first insulated conductor on the 

support member with a centralizes 

3463. The method of claim 3460, wherein the/insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 

15 conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3 -phase Y configuration. 

3464. The method of claim 3460, whereip an additional insulated conductor is disposed 
within the opening. 



20 



3465. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 



25 3466. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 



3467. The method of claim 3460, 
30 500 W/m to approximately 1 1 50 W/ 



herein the provided heat comprises approximately 



m. 
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3468. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material. 

3469. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 

5 electrically insulating material and wherein the electrically insulating material comprises 
magnesium oxide. 

3470. The method of claim 3460, wherein th'e copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 

10 magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 

3471 . The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 

1 5 aluminum oxide and magnesium oxide 

3472. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 

20 the grain particles are configured to occupy porous spaces within the magnesium oxide. 

3473. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises a corrosion-resistant material. 



25 



3474. The method of claim 34pO, wherein the copper-nickel alloy is disposed in an 
electrically insulating material J wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises stainless steel. 
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3475. The method of claim 3460, further comprising supporting the insulated conductor 

i 

on a support member and flowing a fluid into the opening through an orifice in the 
support member. / 

5 3476. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in the support member. 

3477. The method of claim 3460, whereiA a perforated tube is disposed in the opening 
10 proximate to the insulated conductor, the/method further comprising flowing a fluid into 

the opening through the perforated tubev 

3478. The method of claim 3460, wherein a tube is disposed in the opening proximate to 
the insulated conductor, the method fiurther comprising flowing a substantially constant 

15 amount a fluid into the opening through critical flow orifices in the tube. 

3479. The method of claim 3460,/further comprising supporting the insulated conductor 
on a support member and flowing/a corrosion inhibiting fluid into the opening through an 
orifice in the support member. / 

20 / 

3480. The method of claim 3460, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 

25 348 1 . The method of claim 3460, further comprising determining a temperature 

distribution in the insulated conductor using an electromagnetic signal provided to the 
insulated conductor. 

3482. The method of claim 3460, further comprising monitoring a leakage current of the 
30 insulated conductor. 
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3483. The method of claim 3460, further comprising monitoring the applied electrical 
current. 

3484. The method of claim 3460, further comprising monij'6ring a voltage applied to the 
5 insulated conductor. 

3485. The method of claim 3460, further comprising j?fionitoring a temperature in the 
insulated conductor with at least one thermocouple. 

10 3486. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



15 



3487. The method of claim 3460, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a/cold pin transition conductor. 



20 



3488. The method of claim 3460. furthey comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor comprises/a substantially low resistance insulated 
conductor. 



25 



3489. The method of claim 3460, fuhher comprising coupling an overburden casing to 
the opening, wherein the overburdeqf casing is disposed in an overburden of the 
formation. 

3490. The method of claim 3460J further comprising coupling an overburden casing to 
the opening, wherein the overburaen casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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3491 . The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

5 3492. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

10 3493. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

15 3494. The method of claim 3460, further Comprising heating at least the portion of the 
formation to substantially pyrolyze at leasi some hydrocarbons within the formation. 

3495. A system configured to heat a caal formation, comprising: 

at least three insulated conductors disposed within an opening in the formation, 
20 wherein at least the three insulated conductors are electrically coupled in a 3 -phase Y 

configuration, and wherein at least the three insulated conductors are configured to 

provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allow heat to transfer from at least the three 

insulated conductors to a selected section of the formation during use. 



2D 



3496. The system of claim 3495, Iwherein at least the three insulated conductors are 
further configured to generate heat during application of an electrical current to at least 
the three insulated conductors dumng use. 



30 3497. The system of claim 349 
support member is configured to 



, further comprising a support member, wherein the 
support at least the three insulated conductors. 
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3498. The system of claim 3495, further comprising a support member and a centralizes 
wherein the support member is configured to support at l^ast the three insulated 
conductors, and wherein the centralizer is configured tp maintain a location of at least the 

5 three insulated conductors on the support member. 

3499. The system of claim 3495, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

10 3500. The system of claim 3495, fiirther comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configured to generate substantially no 
heat. 

15 3501 . The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated/conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 

3502. The system of claim 3495/ further comprising at least one lead-in conductor 
20 coupled to at least the three insupted conductors, wherein at least the one lead-in 
conductor comprises a copper wire. 



25 



3503. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor. 

3504. The system of claim 3495, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 
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3505. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 

I 

5 3506. The system of claim 3495, wherein at least the three yisulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. I 

3507. The system of claim 3495, wherein at least theythree insulated conductors 
10 comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to Approximately 12 % nickel by weight. 



3508. The system of claim 3495, wherein at least the three insulated conductors 
15 comprise a conductor disposed in an electrically insulating material, wherein the 

conductor comprises a copper-nickel alloy, arid wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3509. The system of claim 3495, wherem at least the three insulated conductors 

20 comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 



25 



3510. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 



30 



3511. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at le ist approximately I mm. 
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3512. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 



10 



15 



20 



3513. The system of claim 3495, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, where/n the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to </ccupy porous spaces within the 
magnesium oxide. 

3514. The system of claim 3495, wherein at Feast the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed iy( a sheath, and wherein the sheath comprises 
a corrosion- resistant material. 

35 1 5. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. 

35 1 6. The system of claim 3495, viierein at least the three insulated conductors are 
configured to generate radiant heat 6f approximately 500 W/m to approximately 1 150 
W/m of at least the three insulated conductors during use. 



25 351 7, The system of claim 3495 Jfurther comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 



d flow through the support member into the opening 



orifices configured to provide flu 
during use. 

35 1 8. The system of claim 349^, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
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critical flow orifices configured to provide a substantially constant amount of fluid flow 
through the support member into the opening during use. 

3519. The system of claim 3495, further comprising a tube copied to at least the three 
5 insulated conductors, wherein the tube is configured to provide a flow of fluid into the 

opening during use. / 

3520. The system of claim 3495, further comprising d tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configured to 

10 provide a substantially constant amount of fluid flow through the support member into 
the opening during use. / 

352 1 . The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing isytiisposed in an overburden of the 

15 formation. / 



20 



3522. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3523. The system of claim 3495, furttter comprising an overburden casing coupled to 
the opening, wherein the overburden oasing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



25 3524. The system of claim 3495, rarther comprising an overburden casing coupled to 
the opening, wherein the overburdejn casing is disposed in an overburden of the 



formation, and wherein a packing 
casing and the opening. 

3525. The system of claim 3495, 



laterial is disposed at a junction of the overburden 



further comprising an overburden casing coupled to 



the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 



/ 

/ 



5 3526. The system of claim 3495, further comprising an overburden yasing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction ofthe overburden casing 
and the opening, and wherein the packing material comprises cement. 

10 3527. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 

15 flange, and wherein at least the one sealing flangeyis configured to couple to the lead-in 
conductor. 

3528. The system of claim 3495, wherein th^ system is further configured to transfer 
heat such that the transferred heat can pyrol/ze at least some hydrocarbons in the selected 

20 section. 

3529. A system configurable to heat a coal formation, comprising: 
at least three insulated conductors configurable to be disposed within an opening 

in the formation, wherein at least the tnree insulated conductors are electrically coupled 
25 in a 3 -phase Y configuration, and wherein at least the three insulated conductors are 

further configurable to provide heatAo at least a portion of the formation during use; and 
wherein the system is configurable to allow heat to transfer from at least the three 
insulated conductors to a selected section of the formation during use. 
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3530. The system of claim 3529, wherein at least the three insulated conductors are 
further configurable to generate heat during application of an electrical current to at least 
the three insulated conductors during use. 

5 353 1 . The system of claim 3529, further comprising a support member, wherein the 
support member is configurable to support at least the three insiflated conductors. 

3532. The system of claim 3529, further comprising a support member and a centralizes 
wherein the support member is configurable to support aj least the three insulated 

10 conductors, and wherein the centralizer is configurable/to maintain a location of at least 
the three insulated conductors on the support member. 

3533. The system of claim 3529, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



15 



20 



3534. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a low resistance concjlictor configurable to generate substantially no 
heat. 

3535. The system of claim 3529. further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 



25 3536. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein at least the one lead-in 
conductor comprises a copper wire. 

3537. The system of claim 3529, further comprising at least one lead-in conductor 
30 coupled to at least the three insulated conductors with a cold pin transition conductor. 
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3538. The system of claim 3529. further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 



3539. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath./ 



10 3540. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 

3541 . The system of claim 3529, wherein at leait the three insulated conductors 
15 comprise a conductor disposed in an electrically /insulating material, wherein the 

conductor comprises a copper-nickel alloy, and /wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight/to approximately 12 % nickel by weight. 

3542. The system of claim 3529, wherein at least the three insulated conductors 
20 comprise a conductor disposed in an electrically insulating material, wherein the 

conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



3543. The system of claim 3529, wherein at least the three insulated conductors 



25 comprise a conductor disposed in an electr 
electrically insulating material comprises 



3544. The system of claim 3529, wherei l 
comprise a conductor disposed in an elect 
30 electrically insulating material comprises 



cally insulating material, and wherein the 
thermally conductive material. 



at least the three insulated conductors 
rically insulating material, and wherein the 
agnesium oxide. 
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3545. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

3546. The system of claim 3529. wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 



10 



15 



20 



25 



3547. The system of claim 3529, wherein the insu/ated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configurable/to occupy porous spaces within the 
magnesium oxide. 

3548. The system of claim 3529, wherein A least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed/in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 

3549. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. 

3550. The system of claim 3529, wherein at least the three insulated conductors are 
configurable to generate radiant he^ of approximately 500 W/m to approximately 1 150 
W/m during use. 



30 3551, The system of claim 3529, 
support at least the three insulated 



further comprising a support member configurable to 
conductors, wherein the support member comprises 



\ 
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orifices configurable to provide fluid flow through the support member into the opening 
during use. 

3552. The system of claim 3529, further comprising a support member configurable to 
5 support at least the three insulated conductors, wherein the /support member comprises 

critical flow orifices configurable to provide a substantially constant amount of fluid flow 
through the support member into the opening during use 

3553. The system of claim 3529, further comprising a tube coupled to at least the three 
10 insulated conductors, wherein the tube is configurable to provide a flow of fluid into the 

opening during use. 



15 



3554. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configurable to 
provide a substantially constant amount of f^uid flow through the support member into 
the opening during use. 



20 



3555. The system of claim 3529, furthey comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



25 



3556. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden/casing is disposed in an overburden of the 
formation, and wherein the overburaen casing comprises steel. 

3557. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburaen casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



30 3558. The system of claim 3529 



, further comprising an overburden casing coupled to 



the opening, wherein the overburden casing is disposed in an overburden of the 



V 
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formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3559. The system of claim 3529, further comprising an overburden casing coupled to 
5 the opening, wherein the overburden casing is disposecrin an overburden of the 

formation, wherein a packing material is disposed at/a junction of the overburden casing 
and the opening, and wherein the packing material/is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

10 3560. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

15 3561 . The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 

20 flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. / 

3562. The system of claim 3529, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least some hydrocarbons in the selected 
25 section. / 



3563. An in situ method fpr heating a coal formation, comprising: 

applying an electrical current to at least three insulated conductors to provide heat 



to at least a portion of the 
30 disposed within an openi: 



formation, wherein at least the three insulated conductors are 
in the formation; and 



724 



Conley, Rose & Tayon. P C. 



10 



[ c^pdi 



allowing the heat to transfer from at least the three insulated c<jpductors to a 
selected section of the formation. 

3564. The method of claim 3563, further comprising supporting^ least the three 
insulated conductors on a support member. 




3565. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and maintaining a location of at least the three 
insulated conductors on the support member with a centralizes 



3566. The method of claim 3563, wherein the prov/ded heat comprises approximately 
500 W/m to approximately 1 150 W/m. 

3567. The method of claim 3563, wherein at lefast the three insulated conductors 
15 comprise a conductor disposed in an electricajly insulating material, and wherein the 

conductor comprises a copper-nickel alloy. 



20 



3568. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alroy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 



25 



3569. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nicwel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



3570. The method of claim 356/3, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 
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3571 . The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 



3572. The method of claim 3563, wherein at least the three insulated' conductors 
comprise a conductor disposed in an electrically insulating material/and wherein the 
electrically insulating material comprises aluminum oxide and rrmgnesium oxide. 

10 3573. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating/material, wherein the 
electrically insulating material comprises magnesium oxLde, wherein the magnesium 
oxide comprises grain particles, and wherein the grain ^articles are configured to occupy 
porous spaces within the magnesium oxide. / 

15 / 

3574. The method of claim 3563, wherein at leas/ the three insulated conductors 
comprise a conductor disposed in an electrically insulating material wherein the 
insulating material is disposed in a sheath, and wherein the sheath comprises a corrosion- 
resistant material. / 

20 / 

3575. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a sheath/ and wherein the sheath comprises stainless 
steel. / 

25 / 

3576. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a fluid into the opening through 
an orifice in the support member. 




V 
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3577. The method of claim 3563* further comprising supporting at least the three 
insulated conductors on a support member and flowing a substantially constant amount of 
fluid into the opening through critical flow orifices in the support member. 

3578. The method of claim 3563, wherein a perforated tube indisposed in the opening 
proximate to at least the three insulated conductors, the method further comprising 
flowing a fluid into the opening through the perforated tubef; 



3579. The method of claim 3563, wherein a tube is di^osed in the opening proximate to 
10 at least the three insulated conductors, the method further comprising flowing a 

substantially constant amount a fluid into the opening through critical flow orifices in the 
tube. 

3580. The method of claim 3563, further comprising supporting at least the three 
15 insulated conductors on a support member ana flowing a corrosion inhibiting fluid into 

the opening through an orifice in the support/member. 



20 



3581. The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the three insulated conductors, the method further comprising 
flowing a corrosion inhibiting fluid into/the opening through the perforated tube. 



25 



3582. The method of claim 3563, fWther comprising determining a temperature 
distribution in at least the three insulated conductors using an electromagnetic signal 
provided to the insulated conductor.) 

3583. The method of claim 3563jfurther comprising monitoring a leakage current of at 
least the three insulated conductors 



3584. The method of claim 356j|, further comprising monitoring the applied electrical 
30 current. 
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3585. The method of claim 3563. further comprising monitoring a voltage applied to at 
least the three insulated conductors. 

3586. The method of claim 3563, further comprising monitoring/temperature in at 
5 least the three insulated conductors with at least one thermocouple. 



10 



3587. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors, wherein the lead-in conductor 
comprises a low resistance conductor configured to generate substantially no heat. 

3588. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the three insulated conductors i/sing a cold pin transition conductor. 



3589. The method of claim 3563, further comprising electrically coupling a lead-in 

15 conductor to at least the three insulated conductors using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 

3590. The method of claim 3563, further comprising coupling an overburden casing to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation. 



25 



3591 . The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



30 



3592. The method of claim 3563, further comprising coupling an overburden casing to 



the opening, wherein the overburden 



formation, and wherein the overburden casing is further disposed in cement. 



casing is disposed in an overburden of the 



V 
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3593. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3594. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overpurden of the 
formation, and wherein the method further comprises inhibiting/a flow of fluid between 
the opening and the overburden casing with a packing materia}'. 

3595. The method of claim 3563, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the hydrocarbons within the 
formation. 



20 



3596. A system configured to heat a coal formation/ comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 

within an opening in the formation, and wherein the first conductor is configured to 

provide heat to at least a portion of the formation during use; and 

wherein the system is configured to allojw heat to transfer from the first conductor 

to a section of the formation during use. 



3597. The system of claim 3596, wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 

25 3598. The system of claim 3596, wherein'the first conductor comprises a pipe. 



30 



3599. The system of claim 3596, wherein the first conductor comprises stainless steel. 



3600. The system of claim 3596, wherein the first conduit comprises stainless steel. 
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360 1 . The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit. 

/ 

3602. The system of claim 3596, further comprising a centrali^/r configured to maintain 
a location of the first conductor within the first conduit, wherein the centralizer comprises 
ceramic material. 



3603. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit, herein the centralizer comprises 

10 ceramic material and stainless steel. 

3604. The system of claim 3596, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

15 3605. The system of claim 3596, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor con/prises a low resistance conductor 
configured to generate substantially no heat. 

3606. The system of claim 3596, further comprising a lead-in conductor coupled to the 
20 first conductor, wherein the lead-in conductor comprises copper. 

3607. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor. 

25 3608. The system of claim 3596, further comprising a sliding electrical connector 



coupled to the first conductor, wherein the 
to the first conduit. 



3609. The system of claim 3596, further comprising a sliding electrical connector 



30 coupled to the first conductor, wherein the 



sliding electrical connector is further coupled 



sliding electrical connector is further coupled 
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to the first conduit, and wherein the sliding electrical connector is configured to complete 
an electrical circuit with the first conductor and the first conduit. 



3610. The system of claim 3596, further comprising a second conductor disposed within 
5 the first conduit and at least one sliding electrical connector coupled to the firs^t conductor 
and the second conductor, wherein at least the one sliding electrical connector is 
configured to generate less heat than the first conductor or the second conductor during 
use. 



10 



15 



361 1. The system of claim 3596, wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from tJ4e first conductor to the section 
along the second section of the conduit. 

3612. The system of claim 3596, further comprising^ fluid disposed within the first 
conduit, wherein the fluid is configured to maintain I pressure within the first conduit to 
substantially inhibit deformation of the first conduit during use. 



20 3613. The system of claim 3596, further compiling a thermally conductive fluid 
disposed within the first conduit. 



25 



3614. The system of claim 3596, further comprising a thermally conductive fluid 
disposed within the first conduit, wherein they thermally conductive fluid comprises 
helium. 



30 



3615. The system of claim 3596, further Comprising a fluid disposed within the first 
conduit, wherein the fluid is configured tof substantially inhibit arcing between the first 
conductor and the first conduit during use. 
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3616. The system of claim 3596, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configured to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 
of the first conduit during use. / 



3617. The system of claim 3596, wherein the first conductor is^further configured to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 



10 3618. The system of claim 3596, further comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a/third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
formation, wherein the first conductor is electrically c/oupled to the second conductor and 
the third conductor, and wherein the first, second, a/d third conductors are configured to 

15 operate in a 3 -phase Y configuration during use. 

3619. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 

20 

3620. The system of claim 3596, further Comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a connector. 

25 362 1 . The system of claim 3596, funher comprising an overburden casing coupled to 
. the opening, wherein the overburden/casing is disposed in an overburden of the 
formation. 

3622. The system of claim 3596,/further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overbjirden casing comprises steel. 
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3623. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is farther disposednri cement. 



10 



15 



20 



3624. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed ft a junction of the overburden 
casing and the opening. 

3625. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening aAd the overburden casing during use. 

3626. The system of claim 3596, further /omprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. 



25 



3627. The system of claim 3596, fufther comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the sipstantially low resistance conductor comprises carbon 
steel. 



30 



3628. The system of claim 3596, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. 
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3629. The system of claim 3596, wherein the heated section of the formation is 
substantially pyrolyzed. 

5 3630. A system configurable to heat a coal formation, comprising: 

a first conductor configurable to be disposed in a fir^t conduit wherein the first 
conduit is configurable to be disposed within an opening/in the formation, and wherein 
the first conductor is further configurable to provide h^at to at least a portion of the 
formation during use; and / 
10 wherein the system is configurable to allo^w heat to transfer from the first 

conductor to a section of the formation during vise. 

363 1 . The system of claim 3630, whereinAe first conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 

15 / 

3632. The system of claim 3630, wherein the first conductor comprises a pipe. 

3633. The system of claim 3630, wherein the first conductor comprises stainless steel. 

20 3634. The system of claim 3630, wherein the first conduit comprises stainless steel. 

3635. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first conduit. 

25 3636. The system of claim 3630, further comprising a centralizer configurable to 

maintain a location of the first conductor within the first conduit, wherein the centralizer 
comprises ceramic material. 

3637. The system of cliim 3630, further comprising a centralizer configurable to 
30 maintain a location of tl e first conductor within the first conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 
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3638. The system of claim 3630, wherein the opening comprises a diameter of at least 
approximately 5 cm. A 



3639. The system of claim 3630, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 



configurable to generate substantially no heat 



/ 



3640. The system of claim 3630, furthe/ comprising a lead-in conductor coupled to the 
10 first conductor, wherein the lead-in conductor comprises copper. 



364 1 . The system of claim 3630, 
coupled to the first conductor. 



ther comprising a sliding electrical connector 



15 3642. The system of claim 363j6, further comprising a sliding electrical connector 

coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit. 

3643. The system of claim|&630, further comprising a sliding electrical connector 
20 coupled to the first conductor, wherein the sliding electrical connector is further coupled 
to the first conduit, and wnerein the sliding electrical connector is configurable to 
complete an electrical circuit with the first conductor and the first conduit. 



3644. The system of claim 3630, further comprising a second conductor disposed within 
25 the first conduit and at l|ast one sliding electrical connector coupled to the first conductor 

t6r, wherein at least the one sliding electrical connector is 
configurable to general : less heat than the first conductor or the second conductor during 
use. 



and the second conduct 



3645. The system of c 
a second section, where 



aim 3630, wherein the first conduit comprises a first section and 
n a thickness of the first section is greater than a thickness of the 
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second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
alone the second section of the conduit. 



3646. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to maintain a pressure within the first conduit 
to substantially inhibit deformation of the first/onduit during use. 



3647. The system of claim 3630, further comprising a thermally conductive fluid 
10 disposed within the first conduit. 

3648. The system of claim 3630, further comprising a thermally conductive fluid 
disposed within the first conduit, whe/ein the thermally conductive fluid comprises 



15 



helium. 



3649. The system of claim 3630,/further comprising a fluid disposed within the first 
conduit, wherein the fluid is configurable to substantially inhibit arcing between the first 
conductor and the first conduit during use. 

20 3650. The system of claim 3630, further comprising a tube disposed within the opening 
external to the first conduit, Wherein the tube is configurable to remove vapor produced 
from at least the heated portion of the formation such that a pressure balance is 
maintained between the firs| conduit and the opening to substantially inhibit deformation 
of the first conduit during ujse. 

25 

365 L The system of clairii 3630, wherein the first conductor is further configurable to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 

3652. The system of claim 3630, further comprising a second conductor disposed within 
30 a second conduit and a third conductor disposed within a third conduit, wherein first 

conduit, the second conduct and the third conduit are disposed in different openings of the 
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formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and wherein the first, second, and third conductors are configurable 
to operate in a 3 -phase Y configuration during use. 

5 3653. The system of claim 3630, further comprising a second/conductor disposed within 
the first conduit, wherein the second conductor is electrically/coupled to the first 
conductor to form an electrical circuit. / 

3654. The system of claim 3630, further comprising a second conductor disposed within 
10 the first conduit, wherein the second conductor is elec^cally coupled to the first 

conductor to form an electrical circuit with a connector. 

3655. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

1 5 formation. / 



20 



3656. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing As disposed in an overburden of the 
formation, and wherein the overburden casmg comprises steel. 

3657. The system of claim 3630, furthef comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden&asing is further disposed in cement. 



25 3658. The system of claim 3630, fumher comprising an overburden casing coupled to 
the opening, wherein the overburdery casing is disposed in an overburden of the 
formation, and wherein a packing njaterial is disposed at a junction of the overburden 
casing and the opening. 



30 3659. The system of claim 3630, 



iirther comprising an overburden casing coupled to 



the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3660. The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conducto^isposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor. 



10 



15 



20 



366 1 . The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low resistance conductor comprises carbon 
steel. 

3662. The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable tp support the substantially low resistance conductor 
within the overburden casing. 

3663. The system of claim 3630, ^herein the heated section of the formation is 
substantially pyrolyzed. 



3664. An in situ method for heating a coal formation, comprising: 
25 applying an electrical current to a first conductor to provide heat to at least a 

portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within an opening in the formation; and 

allowing the heat to transfer from the first conductor to a section of the formation. 

30 3665. The method of claim 3664, wherein the first conductor comprises a pipe. 
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3666. The method of claim 3664, wherein the first conductor comprises stainless steel. 

3667. The method of claim 3664. wherein the first conduit comprises stainless steel. 

/ 

5 3668. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a centralizer. 

3669. The method of claim 3664, further comprising n(aintaining a location of the first 
conductor in the first conduit with a centralizer, whej?ein the centralizer comprises 

10 ceramic material. 

3670. The method of claim 3664, further comprising maintaining a location of the first 
conductor in the first conduit with a centraliz/r, wherein the centralizer comprises 
ceramic material and stainless steel. 

15 

3671. The method of claim 3664, further comprising coupling a sliding electrical 
connector to the first conductor. 

3672. The method of claim 3664, flirther comprising electrically coupling a sliding 
20 electrical connector to the first conductor and the first conduit, wherein the first conduit 

comprises an electrical lead configured to complete an electrical circuit with the first 
conductor. 

3673. The method of claim 3^64, further comprising coupling a sliding electrical 
25 connector to the first conductor and the first conduit, wherein the first conduit comprises 

an electrical lead configured ko complete an electrical circuit with the first conductor, and 
wherein the generated heat Comprises approximately 20 percent generated by the first 
conduit. 



30 3674. The method of cla 



650 W/m to approximately 1650 W/m. 



m 3664, wherein the provided heat comprises approximately 
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3675. The method of claim 3664, further comprising determining a temperature 
distribution in the first conduit using an electromagnetic signal provided to the conduit. 

3676. The method of claim 3664. further comprising/monitoring the applied electrical 
current. 

3677. The method of claim 3664, further corjafprising monitoring a voltage applied to the 
first conductor. 

3678. The method of claim 3664, further comprising monitoring a temperature in the 
conduit with at least one thermocouple/ 



3679. The method of claim 3664, further comprising coupling an overburden casing to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



20 



3680. The method of claim 3p64, further comprising coupling an overburden casing to 
the opening, wherein the ovepurden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



25 



30 



3681 . The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3682. The method of cAaim 3664, further comprising coupling an overburden casing to 



the opening, wherein t 
formation, and whereir 
casing and the opening 



e overburden casing is disposed in an overburden of the 

a packing material is disposed at a junction of the overburden 
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3683. The method of claim 3664. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3684. The method of claim 3664, further comprisinfflcoupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substantially lop resistance conductor is electrically 
coupled to the first conductor. 



3685. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantiallwlow resistance conductor is electrically 
coupled to the first conductor, and whereinAhe substantially low resistance conductor 

15 comprises carbon steel. 

3686. The method of claim 3664, furtj/er comprising coupling an overburden casing to 
the opening, wherein a substantially 1^/w resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 

20 coupled to the first conductor, and wherein the method further comprises maintaining a 
location of the substantially low resistance conductor in the overburden casing with a 
central izer support. 

3687. The method of claim 366^, further comprising electrically coupling a lead-in 
25 conductor to the first conductor/ wherein the lead-in conductor comprises a low- 
resistance conductor configured to generate substantially no heat. 

3688. The method of claim 3p64, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises copper. 

30 
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3689. The method of claim 3664. further comprising maintaining a sufficient pressure 
between the first conduit and the formation to substantially inhibit deformation of the 
first conduit. 



5 3690. The method of claim 3664, further comprising providing^ thermally conductive 
fluid within the first conduit. 

3691 . The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit, wherein the thermally conductive fluid comprises helium. 

10 ^ 

3692. The method of claim 3664, further comprising inhibiting arcing between the first 
conductor and the first conduit with a fluid disposed within the first conduit. 

3693. The method of claim 3664, further comprising removing a vapor from the 

15 opening using a perforated tube disposed proximate to the first conduit in the opening to 
control a pressure in the opening. 



20 



3694. The method of claim 3664, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the first conduit in the opening. 

3695. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein the second conductor is electrically coupled to the first conductor to 
form an electrical circuit. 



25 



30 



3696. The method of claim 3664,/wherein a second conductor is disposed within the 
first conduit, wherein the second qonductor is electrically coupled to the first conductor 
with a connector. 



3697. The method of claim 3 
second conduit and a third 
second conduit and the third 



66(4, wherein a second conductor is disposed within a 
condijctor is disposed within a third conduit, wherein the 
conduit are disposed in different openings of the formation, 
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wherein the first conductor is electrically coupled to the second conductor and the third 
conductor, and wherein the first, second, and third conductors are configured to operate 
in a 3 -phase Y configuration. 

3698. The method of claim 3664, wherein a second4onductor is disposed within the 
first conduit, wherein at least one sliding electrical/connector is coupled to the first 
conductor and the second conductor, and wherein heat generated by at least the one 
sliding electrical connector is less than heat gei/erated by the first conductor or the second 
conductor. 

3699. The method of claim 3664, whereiiythe first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than hjeat radiated from the first conductor to the section 
along the second section of the conduit/ 

3700. The method of claim 3664, fifrther comprising flowing an oxidizing fluid through 
an orifice in the first conduit. 



20 3701. The method of claim 3664,/further comprising disposing a perforated tube 

proximate to the first conduit and flowing an oxidizing fluid through the perforated tube. 

3702. The method of claim 3664, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

3703. A system configured to neat a coal formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within a first opening in the fonr .ation; 

a second conductor disposed in a second conduit, wherein the second conduit is 
30 disposed within a second opening in the formation; 
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a third conductor disposed in a third conduit, wherein the third conduit is disposed 
within a third opening in the formation, wherein the first, second, and third conductors 
are electrically coupled in a 3-phase Y configuration, and wherein the first, second, and 
third conductors are configured to provide heat to at least a portion of the formation 
during use; and ^ 

wherein the system is configured to allow^eat to transfer from the first, second, 
and third conductors to a selected section of the/formation during use. 



3704. The system of claim 3703, wherein tfie first, second, and third conductors are 
further configured to generate heat during/application of an electrical current to the first 
conductor. 



3705. The system of claim 3703, wfyferein the first, second, and third conductors 
comprise a pipe. 

15 

3706. The system of claim 3703/ wherein the first, second, and third conductors 
comprise stainless steel. 

3707. The system of claim 3^03, wherein the first, second, and third openings comprise 
20 a diameter of at least approximately 5 cm. 



25 



3708. The system of claim 
coupled to the first conductc 
second conductor and a thir 



3709. The system of clam- 
coupled to the first conductor 
coupled to the first conduit 



J 703, further comprising a first sliding electrical connector 
r and a second sliding electrical connector coupled to the 
sliding electrical connector coupled to the third conductor. 



3703, further comprising a first sliding electrical connector 
, wherein the first sliding electrical connector is further 



744 



Conley, Rose & Tayon, P C. 



3710. The system of claim 3703. further comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 

3711. The system of claim 3703. further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 



coupled to the third conduit. 



/ 



/ 



3712. The system of claim 3703, wherein each of the/first, second, and third conduits 
10 comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the second section such/chat heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first; second, and third conductors to the 
section along the second section of each of the conduits. 



20 



3713. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configured to maintain a pressure within 
the first conduit to substantially inhibit Reformation of the first, second, and third 
conduits during use. 

3714. The system of claim 3703, fu/ther comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 



3715. The system of claim 3703, further comprising a thermally conductive fluid 
25 disposed within the first, second, jind third conduits, wherein the thermally conductive 
fluid comprises helium. 



3716. The system of claim 370 
second, and third conduits, 
between the first, second, and 
during use. 



, further comprising a fluid disposed within the first, 
wherein the fluid is configured to substantially inhibit arcing 
third conductors and the first, second, and third conduits 
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3717. The system of claim 3703, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 
wherein at least the one tube is configured to remove vapor produced from at least the 

5 heated portion of the formation such that a pressure balance i^taiaintained between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits cluring use. 

3718. The system of claim 3703, wherein the first, second, and third conductors are 

10 further configured to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. 



15 



3719. The system of claim 3703. further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation. 



20 



3720. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises steel. 



25 



3721 . The system of claim 3703, further/comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing is further disposed in/ cement. 



30 



3722. The system of claim 3703, furtner comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed at a junction of at least the ore overburden casing and the first, second, and third 
openings. 
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3723. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 

I: 

openings, and wherein the packing material is further configuredjo substantially inhibit a 
flow of fluid between the first, second, and third opening and at least the one overburden 



casing during use. 



/ 



10 3724. The system of claim 3703, wherein the heated s^tion of the formation is 
substantially pyrolyzed. 



15 



20 



25 



3725. A system configurable to heat a coal formation, comprising: 

a first conductor configurable to be disposed in a first conduit, wherein the first 
conduit is configurable to be disposed within a/first opening in the formation; 

a second conductor configurable to be disposed in a second conduit, wherein the 
second conduit is configurable to be disposed within a second opening in the formation; 

a third conductor configurable to be disposed in a third conduit, wherein the third 
conduit is configurable to be disposed within a third opening in the formation, wherein 
the first, second, and third conductors aye further configurable to be electrically coupled 
in a 3 -phase Y configuration, and wherein the first, second, and third conductors are 
further configurable to provide heat ta at least a portion of the formation during use; and 

wherein the system is configurable to allow heat to transfer from the first, second, 
and third conductors to a selected section of the formation during use. 

3726. The system of claim 3725, wherein the first, second, and third conductors are 
further configurable to generate hefat during application of an electrical current to the first 
conductor. 



30 3727. The system of claim 3725 
comprise a pipe. 



wherein the first, second, and third conductors 



747 



Conley, Rose & Tayon, P C 



15 



3728. The system of claim 3725, wherein the first, second, and third conductors 
comprise stainless steel. 

3729. The system of claim 3725, wherein the first, second, and/fhird opening comprise a 
diameter of at least approximately 5 cm. / j 

i 

3730. The system of claim 3725, further comprising a/first sliding electrical connector 
coupled to the first conductor and a second sliding electrical connector coupled to the 
second conductor and a third sliding electrical connector coupled to the third conductor. 

373 1. The system of claim 3725, further comprising a first sliding electrical connector 
coupled to the first conductor, wherein the firsst sliding electrical connector is further 
coupled to the first conduit. 

3732. The system of claim 3725, further/comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 



20 3733. The system of claim 3725, funher comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. 



25 



3734. The system of claim 3725, wherein each of the first, second, and third conduits 
comprises a first section and a second section, wherein a thickness of the first section is 
greater than a thickness of the seccnd section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 
section along the second section ofleach of the conduits. 



30 
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3735. The system of claim 3725. further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits during use. 



3736. The system of claim 3725, further comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 



3737. The system of claim 3725, further comprising a thermally conductive fluid 
10 disposed within the first, second, and third conduit^, wherein the thermally conductive 

fluid comprises helium. 

3738. The system of claim 3725. further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluia is configurable to substantially inhibit arcing 

15 between the first, second, and third conductors and the first, second, and third conduits 
during use, 

3739. The system of claim 3725, further comprising at least one tube disposed within 
the first, second, and third openings external to the first, second, and third conduits, 

20 wherein at least the one tube is configurable to remove vapor produced from at least the 
heated portion of the formation such/that a pressure balance is maintained between the 
first, second, and third conduits ancythe first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during use. 



secpr 



25 3740. The system of claim 3725/ wherein the first, second, and third conductors are 

further configurable to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. 



3741. The system of claim 3725, further comprising at least one overburden casing 



30 coupled to the first, second, and 



third openings, wherein at least the one overburden 



casing is disposed in an overburden of the formation. 
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3742. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises steel. 



10 



3743. The system of claim 3725, further comprising at least'one overburden casing 
coupled to the first, second, and third openings, wherein at/least the one overburden 
casing is disposed in an overburden of the formation, anjj wherein at least the one 
overburden casing is further disposed in cement. 



15 



3744. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed at a junction of at least the one overbidden casing and the first, second, and third 
openings. 



20 



25 



3745. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the/formation, wherein a packing material is 
disposed at a junction of at least the one overburden casing and the first, second, and third 
openings, and wherein the packing material is further configurable to substantially inhibit 
a flow of fluid between the first, second/, and third opening and at least the one 
overburden casing during use. 

3746. The system of claim 3725, wherein the heated section of the formation is 
substantially pyrolyzed. 



3747. An in situ method for heatine 



a coal formation, comprising: 
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applying an electrical current to a first conductor to provide heat to at least a 
portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within a first opening in the formation; 

applying an electrical current to a second conductor to provide heat to at least a 
portion of the formation, wherein the second conductor is disposed in a second conduit, 
and wherein the second conduit is disposed within a seconcr opening in the formation; 

applying an electrical current to a third conductoi/to provide heat to at least a 
portion of the formation, wherein the third conductor \% disposed in a third conduit, and 
wherein the third conduit is disposed within a third opening in the formation; and 

allowing the heat to transfer from the first, /econd, and third conductors to a 
selected section of the formation. 



3748. The method of claim 3747, wherein tl)6 first, second, and third conductors 
comprise a pipe. 

15 

3749. The method of claim 3747, wherein the first, second, and third conductors 
comprise stainless steel. 

3750. The method of claim 3747, wherein the first, second, and third conduits comprise 
20 stainless steel. 

375 1 . The method of claim 3 747, /wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 



25 3752. The method of claim 374/7, further comprising determining a temperature 
distribution in the first, second, And third conduits using an electromagnetic signal 
provided to the first, second, anp third conduits. 

3753. The method of claim 37(47, further comprising monitoring the applied electrical 
30 current. 
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3754. The method of claim 3747, further comprising monitoring a voltage applied to the 
first, second, and third conductors. 

3755. The method of claim 3747, further comprising 'mbnitoring a temperature in the 

first, second, and third conduits with at least one thermocouple. 

/ 
/ 

3756. The method of claim 3747, further comprising maintaining a sufficient pressure 
between the first, second, and third conduits and the first, second, and third openings to 
substantially inhibit deformation of the first/second, and third conduits. 

3757. The method of claim 3747, furthe/ comprising providing a thermally conductive 
fluid within the first, second, and third conduits. 



3758. The method of claim 3747, further comprising providing a thermally conductive 
15 fluid within the first, second, and thi/d conduits, wherein the thermally conductive fluid 
comprises helium. 



20 



3759. The method of claim 3747, further comprising inhibiting arcing between the first, 
second, and third conductors and the first, second, and third conduits with a fluid 
disposed within the first, second, and third conduits. 



25 



3760. The method of claim 3747, further comprising removing a vapor from the first, 
second, and third openings using at least one perforated tube disposed proximate to the 
first, second, and third conduits in the first, second, and third openings to control a 
pressure in the first, second, land third openings. 



3761. The method of claim 
a first section and a second 
a thickness of the second 
conductors to the section 



3747, wherein the first, second, and third conduits comprise 
section, wherein a thickness of the first section is greater than 
section such that heat radiated from the first, second, and third 
al<bng the first section of the first, second, and third conduits is 
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less than heat radiated from the first, second, and third conductors to the section along the 
second section of the first, second, and third conduits. 

3762. The method of claim 3747, further comprising flowing an oxidizing fluid through 
5 an orifice in the first, second, and third conduits. 



3763. The method of claim 3747, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 

10 3764. A system configured to heat a /coal formation, comprising: 

a first conductor disposed in f. conduit, wherein the conduit is disposed within an 
opening in the formation; and 

a second conductor disposed in the conduit, wherein the second conductor is 
electrically coupled to the first conductor with a connector, and wherein the first and 
15 second conductors are configurecjf to provide heat to at least a portion of the formation 
during use; and 

wherein the system is cc/nfigured to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. 

20 3765. The system of claim 3f764 ; wherein the first conductor is further configured to 
generate heat during application of an electrical current to the first conductor. 



25 



3766. The system of claim 
pipe. 

3767. The system of claim 
stainless steel. 



3764, wherein the first and second conductors comprise a 



3764, wherein the first and second conductors comprise 



3768. The system of claim 3764, wherein the conduit comprises stainless steel. 



30 
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3769. The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit. 

3770. The system of claim 3764, further comprising a centralizer configured to maintain 
5 a location of the first and second conductors within the conduit, wherein the centralizer 

comprises ceramic material. 

3771 . The system of claim 3764, further comprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit, wherein the centralizer 

10 comprises ceramic material and stainless steel. 

3772. The system of claim 3764, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

15 3773. The system of claim 3764,/further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 

3774. The system of claim 37f>4, further comprising a lead-in conductor coupled to the 
20 first and second conductors, wnerein the lead-in conductor comprises copper. 



25 



3775. The system of claim 3f764, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 



second section such that heat 
first section of the conduit is 



radiated from the first conductor to the section along the 
ess than heat radiated from the first conductor to the section 



along the second section of the conduit. 

3776. The system of claim 31764, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 
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3777. The system of claim 3764. further comprising a thermally conductive fluid 
disposed within the conduit. 



10 



15 



3778. The system of claim 3764, further comprising a'tihermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

/ 

3779. The system of claim 3764, farther con^rising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arcing between the first and second 
conductors and the conduit during use. 



3780. The system of claim 3764, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 

least the heated portion of the format^ion such that a pressure balance is maintained 

/ 

between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 



20 



378 1 . The system of claim 3764, wherein the first and second conductors are further 
configured to generate radiant l/eat of approximately 650 W/m to approximately 1650 
W/m during use. 

3782. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



25 3783. The system of claiik 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3784. The system of claim 3764, further comprising an overburden casing coupled to 
30 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 
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3785. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposjeji at a junction of the overburden 



casing and the opening. 



/ 



10 



3786. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



15 



20 



25 



3787. The system of claim 3764, wherein the heated section of the formation is 
substantially pyrolyzed. 

3788. A system configurable to meat a coal formation, comprising: 
a first conductor configurable to be disposed in a conduit, wherein the conduit is 

configurable to be disposed within an opening in the formation; and 

a second conductor configurable to be disposed in the conduit, wherein the second 

conductor is configurable to be electrically coupled to the first conductor with a 

connector, and wherein the first and second conductors are further configurable to 

provide heat to at least a portion of the formation during use; and 

wherein the system is /configurable to allow heat to transfer from the first and 

second conductors to a selected section of the formation during use. 



3789. The system of claim 
generate heat during application 



3788, wherein the first conductor is further configurable to 
of an electrical current to the first conductor. 



3790. The system of claim 3J88, wherein the first and second conductors comprise a 
30 pipe. 



756 



Conley, Rose & Tayon. P.C 



3791. The system of claim 3788, wherein the first and second conductors comprise 
stainless steel. 

3792. The system of claim 3788, wherein the conduit comprises stainless steel. 
5 / 

3793. The system of claim 3788. further comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit. 

3794. The system of claim 3788, further comprising a centralizer configurable to 
10 maintain a location of the first and second conductors within the conduit, wherein the 

centralizer comprises ceramic material. 

3795. The system of claim 3788, further comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 

15 centralizer comprises ceramic materia] and stainless steel. 

3796. The system of claim 3788, v^herein the opening comprises a diameter of at least 
approximately 5 cm. 

20 3797. The system of claim 3788 Jfurther comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 

3798. The system of claim 3788, further comprising a lead-in conductor coupled to the 
25 first and second conductors, wherein the lead-in conductor comprises copper. 

3799. The system of claim 37 J8, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 

30 first section of the conduit is le|ss than heat radiated from the first conductor to the section 
along the second section of the conduit. 
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3800. The system of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 

5 /| 

3801. The system of claim 3788, further comprising a thermally conductive fluid 
disposed within the conduit. / 

3802. The system of claim 3788, further comprising a thermally conductive fluid 
10 disposed within the conduit, wherein the thermally conductive fluid comprises helium. 



15 



20 



3803. The system of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between the first and 
second conductors and the conduit during use. 

3804. The system of claim 3788, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the openii/g to substantially inhibit deformation of the conduit 
during use. 



25 



3805. The system of claim 3788, wherein the first and second conductors are further 
configurable to generate radiany heat of approximately 650 W/m to approximately 1650 
W/m during use. 



3806. The system of claim 
the opening, wherein the 
formation. 



3/788, further comprising an overburden casing coupled to 
overburden casing is disposed in an overburden of the 
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3807. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

5 3808. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in ail overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3809. The system of claim 3788, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3810. The system of claim 3788, further comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

20 3811. The system of claim 3788, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3812. An in situ method for heating a coal formation, comprising: 

applying an electrical currelht to at least two conductors to provide heat to at least 
25 a portion of the formation, wherein at least the two conductors are disposed within a 

conduit, wherein the conduit is disposed within an opening in the formation, and wherein 
at least the two conductors are electrically coupled with a connector; and 

allowing heat to transfer rom at least the two conductors to a selected section of 
the formation. 

30 

3813. The method of claim 381 2, wherein at least the two conductors comprise a pipe. 
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3814. The method of claim 3812, wherein at least the two conductors comprise stainless 
steel. 

5 3815. The method of claim 3812, wherein the conduit comprises stainless steel. 

3816. The method of claim 3812, further comprisipfg maintaining a location of at least 
the two conductors in the conduit with a centralize 

10 3817. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit with a centralizer, wherein the centralizer comprises 
ceramic material. 

3818. The method of claim 3812, further comprising maintaining a location of at least 
15 the two conductors in the conduit with $ centralizer, wherein the centralizer comprises 

ceramic material and stainless steel. 

3819. The method of claim 381 2, ^herein the provided heat comprises approximately 
650 W/m to approximately 1650 Vs/j/m. 

20 

3820. The method of claim 381 2f, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 

3821 . The method of claim 3^1 2, further comprising monitoring the applied electrical 
25 current. 



3822. The method of claim |>812, further comprising monitoring a voltage applied to at 
least the two conductors. 



30 3823. The method of claim 
conduit with at least one 



3812, further comprising monitoring a temperature in the 
theijmocouple. 
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3824. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3825. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casingyComprises steel. 



10 3826. The method of claim 3812, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden c/asing is further disposed in cement. 

3827. The method of claim 3812. fur/ier comprising coupling an overburden casing to 
15 the opening, wherein the overburden /casing is disposed in an overburden of the 

formation, and wherein a packing iryaterial is disposed at a junction of the overburden 
casing and the opening. 

3828. The method of claim 3812, further comprising coupling an overburden casing to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden/ casing with a packing material. 



3829. The method of claim 3j8l2, further comprising maintaining a sufficient pressure 
25 between the conduit and the formation to substantially inhibit deformation of the conduit. 



3830. The method of claim 
fluid within the conduit. 



812, further comprising providing a thermally conductive 



30 383 1 . The method of claim j>8 1 2, further comprising providing a thermally conductive 
fluid within the conduit, wheilein the thermally conductive fluid comprises helium. 
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3832. The method of claim 3812, further comprising inhibiting arcing between at least 
the two conductors and the conduit with a fluid disposed within the conduit. 



5 3833. The method of claim 3812, further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure in the opening. / 

3834. The method of claim 3812, further comprising flowing a corrosion inhibiting fluid 
10 through a perforated tube disposed proximate to the conduit in the opening. 

3835. The method of claim 3812, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 

15 first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit / 

3836. The method of claim 3812, further comprising flowing an oxidizing fluid through 
an orifice in the conduit. / 

20 / 

3837. The method of claim 3812, furtWr comprising disposing a perforated tube 
proximate to the conduit and flowing an/oxidizing fluid through the perforated tube. 

3838. The method of claim 3812, further comprising heating at least the portion of the 
25 formation to substantially pyrolyze at least some of the carbon within the formation. 



3839. A system configured to heat a/coal formation, comprising: 

at least one conductor disposed in a conduit, wherein the conduit is disposed 
within an opening in the formation, £nd wherein at least the one conductor is configured 
30 to provide heat to at least a first portion of the formation during use; 



/ 
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at least one sliding connector, wherein at least the one sliding connector is 
coupled to at least the one conductor, wherein at least the one sliding connector is 
configured to provide heat during use, and wherein heat provided by at least the one 
sliding connector is substantially less than the heat provided by at least the one conductor 
5 during use; and 

wherein the system is configured to allow heat to trans^r from at least the one 
conductor to a section of the formation during use. 

3840. The system of claim 3839, wherein at least the onfe conductor is flirther 
10 configured to generate heat during application of an electrical current to at least the one 

conductor. 

3841. The system of claim 3839, wherein at leas/ the one conductor comprises a pipe. 

15 3842. The system of claim 3839, wherein at Ipast the one conductor comprises stainless 
steel. 

3843. The system of claim 3839, wherein Ahe conduit comprises stainless steel. 

20 3844. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit. 

3845. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit wherein the centralizer 
25 comprises ceramic material. 



30 



3846. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conducior within the conduit, wherein the centralizer 
comprises ceramic material and stai lless steel. 
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3847. The system of claim 3839, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3848. The system of claim 3839, further comprising a lead-in conductpr coupled to at 
least the one conductor, wherein the lead-in conductor comprises alow resistance 
conductor configured to generate substantially no heat. 



10 



15 



3849. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 

3850. The system of claim 3839, wherein the conduix comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 



itec 



first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. j 



20 



3851. The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain/a pressure within the conduit to substantially 
inhibit deformation of the conduit during <(ise. 



3852. The system of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit. 



3853. The system of claim 3839, farther comprising a thermally conductive fluid 
25 disposed within the conduit, wherein the thermally conductive fluid comprises helium. 



30 



3854. The system of claim 3839, 
wherein the fluid is configured to 
conductor and the conduit during Use 



urther comprising a fluid disposed within the conduit, 
ubstantially inhibit arcing between at least the one 
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3855. The system of claim 3839, further comprising a tube disposed within the opening 
external to the conduit, wherein the tube is configured to remove vapor produced from at 
least the heated portion of the formation such that a pressure balance is maintained 
between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 

3856. The system of claim 3839, wherein at least the 7 one conductor is further 
configured" to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 



3857. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing indisposed in an overburden of the 
formation. j 

15 3858. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden c^ing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

/ 

3859. The system of claim 3839, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein the overburden casing is further disposed in cement. 

3860. The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 

25 formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3861 . The system of claim 3fc39, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 



30 formation, wherein a packing 



material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3862. The system of claim 3839. further comprising an overburden casing coupled to 

5 the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor. 

3863. The system of claim 3839, further/comprising an overburden casing coupled to 
10 the opening and a substantially low resistance conductor disposed within the overburden 

casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein tjfte substantially low resistance conductor comprises 
carbon steel. 

15 3864. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially lo^ resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. 

20 3865. The system of claim 38^9, wherein the heated section of the formation is 
substantially pyrolyzed. 



3866. A system configurable 
at least one conductor 
25 conduit is configurable to be 

least the one conductor is further 
the formation during use; 

at least one sliding colnnector. 
configurable to be coupled td 
30 connector is further configurable 



to heat a coal formation, comprising: 
configurable to be disposed in a conduit, wherein the 
isposed within an opening in the formation, and wherein at 
configurable to provide heat to at least a first portion of 

, wherein at least the one sliding connector is 
at least the one conductor, wherein at least the one sliding 
to provide heat during use, and wherein heat provided 
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by at least the one sliding connector is substantially less than the heat provided by at least 
the one conductor during use; and 

wherein the system is configurable to allow heat to transfer from at least the one 
conductor to a section of the formation during use. 



3867. The system of claim 3866, wherein at least the^fne conductor is ftirther 
configurable to generate heat during application of anelectrical current to at least the one 
conductor. j 

10 3868. The system of claim 3866, wherein at le^t the one conductor comprises a pipe. 

/ 

3869. The system of claim 3866, wherein at /east the one conductor comprises stainless 
steel. 



1 5 3870. The system of claim 3866, whereiri the conduit comprises stainless steel. 

3871 . The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit. 



20 3872. The system of claim 3866, further comprising a centralizer configurable to 
maintain a location of at least the onef conductor within the conduit, wherein the 
centralizer comprises ceramic material. 



3873. The system of claim 3866, Further comprising a centralizer configurable to 
25 maintain a location of at least the ope conductor within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 



3874. The system of claim 3866, 
approximately 5 cm. 



wherein the opening comprises a diameter of at least 
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3875. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 



5 3876. The system of claim 3866, further comprising a; lead-in conductor coupled to at 



least the one conductor, wherein the lead-in conductor comprises copper. 

3877. The system of claim 3866, wherein the cdnduit comprises a first section and a 
second section, wherein a thickness of the first /ection is greater than a thickness of the 

10 second section such that heat radiated from th£ first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. / 

3878. The system of claim 3866, further comprising a fluid disposed within the conduit, 
15 wherein the fluid is configurable to maintain a pressure within the conduit to substantially 

inhibit deformation of the conduit during use. 

3879. The system of claim 3866, further comprising a thermally conductive fluid 
disposed within the conduit. / 

20 / 

3880. The system of claim 3866/further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3881. The system of claim 3866, further comprising a fluid disposed within the conduit, 
25 wherein the fluid is configurable to substantially inhibit arcing between at least the one 

conductor and the conduit dumng use. 

3882. The system of claim j866, further comprising a tube disposed within the opening 
external to the conduit, wher iin the tube is configurable to remove vapor produced from 

30 at least the heated portion of the formation such that a pressure balance is maintained 
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between the conduit and the opening to substantially inhibit deformation of the conduit 
during use. 

3883. The system of claim 3866, wherein at least the one conductor is further 
configurable to generate radiant heat of approximately 65$ W/m to approximately 1650 
W/m during use. 



10 



3884. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is exposed in an overburden of the 
formation. 



15 



20 



25 



3885. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburdeiy casing comprises steel. 

3886. The system of claim 3866, farther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3887. The system of claim 38o6, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3888. The system of claim|3866, further comprising an overburden casing coupled to 

I 

the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 



and the opening, and when 



in the packing material is further configurable to substantially 



inhibit a flow of fluid between the opening and the overburden casing during use. 



30 
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3889. The system of claim 3866. further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor. 



5 - ; 

/ ! 

3890. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein the substantially low resistance conductor comprises 

10 carbon steel. / 

389 1 . The system of claim 3866, furtl/er comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to support the substantially low resistance conductor 

1 5 within the overburden casing. / 

3892. The system of claim 3866, wherein the heated section of the formation is 
substantially pyrolyzed. / 

20 3893. An in situ method for Heating a coal formation, comprising: 

applying an electrical current to at least one conductor and at least one sliding 
connector to provide heat to at least a portion of the formation, wherein at least the one 
conductor and at least the one sliding connector are disposed within a conduit, and 
wherein heat provided by at/ least the one conductor is substantially greater than heat 



25 provided by at least the one sliding connector; and 

allowing the heat to transfer from at least the one conductor and at least the one 
sliding connector to a section of the formation. 

3894. The method of clain 3893, wherein at least the one conductor comprises a pipe. 



30 
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3895. The method of claim 3893, wherein at least the one conductor comprises stainless 
steel. 

I 

3896. The method of claim 3893, wherein the conduit comprises stainless steel. 



3897. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit with a centralizer. 

3898. The method of claim 3893, further comprising maintaining a location of at least 
10 the one conductor in the conduit with a centralizer. wherein the centralizer comprises 



the one conductor in the conduit with a centralizer, wherein the centralizer comprises 
1 5 ceramic material and stainless steel. 

3900. The method of claim 3895, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

20 3901 . The method of claim 3893, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 

3902. The method of claim 3893, further comprising monitoring the applied electrical 
current. 

25 

3903. The method of clairi 3893, further comprising monitoring a voltage applied to at 
least the one conductor. 

3904. The method of claim 3893, further comprising monitoring a temperature in the 
30 conduit with at least one thermocouple. 



5 




ceramic material. 




3899. The method of claim 3893, fyrther comprising maintaining a location of at least 
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3905. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3906. The method of claim 3893. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing isydisposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3907. The method of claim 3893, further/comprising coupling an overburden casing to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden dasing is further disposed in cement. 



15 



3908. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden psing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



20 



25 



3909. The method of claim 3893, /further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 



3893 



3910. The method of claim 
the opening, wherein a 
overburden casing, and wherein 
coupled to at least the one conductor 



, further comprising coupling an overburden casing to 
substantially low resistance conductor is disposed within the 

the substantially low resistance conductor is electrically 



30 



391 1 . The method of claim 38$ '3, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
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coupled to at least the one conductor, and wherein the substantially low resistance 
conductor comprises carbon steel. 

3912. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor, and wherem the method further comprises 
maintaining a location of the substantially low/resistance conductor in the overburden 
casing with a centralizer support. 

3913. The method of claim 3893, further comprising electrically coupling a lead-in 
conductor to at least the one conductor/ wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



15 3914. The method of claim 3893/ further comprising electrically coupling a lead-in 

conductor to at least the one conductor, wherein the lead-in conductor comprises copper. 

3915. The method of claim 3 893 , further comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 



20 



3916. The method of clain/ 3893, further comprising providing a thermally conductive 
fluid within the conduit. 



25 



3917. The method of claim 3893, further comprising providing a thermally conductive 
fluid within the conduit, ^herein the thermally conductive fluid comprises helium. 



3918. The method of 
conductor and the conduit 



claim 



3893, further comprising inhibiting arcing between the 
with a fluid disposed within the conduit. 
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3919. The method of claim 3893,. further comprising removing a vapor from the 
opening using a perforated tube disposed proximate to the conduit in the opening to 
control a pressure in the opening. 

3920. The method of claim 3893, further corriprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduit in the opening. 

3921. The method of claim 3893, further Comprising flowing an oxidizing fluid through 
an orifice in the conduit. 

3922. The method of claim 3893, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 

3923. The method of claim 3893, l^rther comprising heating at least the portion of the 
15 formation to substantially pyrolyze/at least some of the carbon within the formation. 



10 



20 



3924. A system configured to heat a coal formation, comprising: 

at least one elongated member disposed within an opening in the formation, 

wherein at least the one elongated member is configured to provide heat to at least a 

portion of the formation during/use; and 

wherein the system is configured to allow heat to transfer from at least the one 

elongated member to a section of the formation during use. 



3925. The system of claim $924, wherein at least the one elongated member comprises 
25 stainless steel. 



30 



3926. The system of claim 
configured to generate heat 
elongated member. 



3924, wherein at least the one elongated member is further 
during application of an electrical current to at least the one 
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3927. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member. / 

/ 

5 3928. The system of claim 3924, further comprising a support membeycoupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, and wherein the support member comprises openings. 

3929. The system of claim 3924, further comprising a support member coupled to at 

10 least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, wherein the support member comprises openings, 
wherein the openings are configured to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configured to substantially inhibit 
carbon deposition on or proximate to at least the one elongated member during use. 

15 / 

3930. The system of claim 3924, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configured to flow a fluid 
along a length of at least the one elongated member during use, and wherein the fluid is 
configured to substantially inhibit carbon deposition on or proximate to at least the one 

20 elongated member during use. / 

393 1 . The system of claim 3924, further comprising a/centralizer coupled to at least the 
one elongated member, wherein the centralizer is configured to electrically isolate at least 
the one elongated member. / 

25 / 

3932. The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is configured to maintain a location of at least the one 
elongated member on the support member. 

30 
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3933. The system of claim 3924, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3934. The system of claim 3924, further comprising a lead-in conductor coupled to at 
5 least the one elongated member, wherein the lead-in conductor comprises' a low 

resistance conductor configured to generate substantially no heat. 

3935. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 

10 insulated conductor. / 




3936. The system of claim 3924, further comprising a lead-in/conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

15 3937. The system of claim 3924, further comprising a leaa-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 



20 



3938. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 



3939. The system of claim 3924, wherein at least thq one elongated member is arranged 
in a series electrical configuration. 



25 3940. The system of claim 3924, wherein at least 
in a parallel electrical configuration. 

3941 . The system of claim 3924, wherein at least 
configured to generate radiant heat of approximate 
30 W/m during use. 



le one elongated member is arranged 



the one elongated member is 

y 650 W/m to approximately 1650 
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3942. The system of claim 3924, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configured to remove vapor from the opening to control a pressure in the opening during 

use. 



3943. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 



formation. 



/ 



3944. The system of claim 3924, further comprising ap overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3945. The system of claim 3924, further comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is/further disposed in cement. 



20 



3946. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing ispisposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



25 



3947. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing/is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3948. The system of claim 3924, further c Dmprising' an overburden casing coupled to 



the opening, wherein the overburden casinj 



is disposed in an overburden of the 



30 formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3949. The system of claim 3924 ? wherein the heated section of the formation is 
5 substantially pyrolyzed. 



10 



3950. A system configurable to heat a coal formation, comprising: 

at least one elongated member configurable to be disposed within an opening in 

the formation, wherein at least the one elongat^i member is further configurable to 

provide heat to at least a portion of the formation during use; and 

wherein the system is configurable ta allow heat to transfer from at least the one 

elongated member to a section of the formation during use. 



395 1 . The system of claim 3950, where/n at least the one elongated member comprises 
15 stainless steel. 

3952. The system of claim 3950, wherein at least the one elongated member is further 
configurable to generate heat during Application of an electrical current to at least the one 
elongated member. 



20 



3953. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member/ 



25 



30 



3954. The system of claim 395Qf 5 further comprising a support member coupled to at 
least the one elongated member, fwherein the support member is configurable to support 
at least the one elongated member, and wherein the support member comprises openings. 



3950 



3955. The system of claim 
least the one elongated member, 
at least the one elongated memb 



further comprising a support member coupled to at 
wherein the support member is configurable to support 
sr, wherein the support member comprises openings, 
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wherein the openings are configurable to flow a fluid along a length of at least the one 
elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member during 
use. 

f 

3956. The system of claim 3950, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configurable to flow a 
fluid along a length of at least the one elongated 7 member during use, and wherein the 
fluid is configurable to substantially inhibit caifcon deposition on or proximate to at least 
the one elongated member during use. / 



15 



20 



3957. The system of claim 3950, further comprising a centralizer coupled to at least the 
one elongated member, wherein the centralizer is configurable to electrically isolate at 
least the one elongated member. 

3958. The system of claim 3950, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizer is configurable to maintain a location of at least the one 
elongated member on the support member. 

3959. The system of claim 3950, yherein the opening comprises a diameter of at least 
approximately 5 cm. 



3960. The system of claim 3950/ filrther comprising a lead-in conductor coupled to at 
25 least the one elongated member, wherein the lead-in conductor comprises a low 

resistance conductor configurable to generate substantially no heat. 

3961 . The system of claim 395 3, further comprising a lead-in conductor coupled to at 



30 



least the one elongated member 
insulated conductor. 



wherein the lead-in conductor comprises a rubber 
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3962. The system of claim 3950, further comprising a lead-in conductor coupled to at 



3963. The system of claim 3950, further comprising a lead-in conductor coupled to at 
5 least the one elongated member with a cold pin transition conductor. 



3964. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin/transition conductor, wherein the cold pin 
transition conductor comprises a substantially Aow resistance insulated conductor. 

10 / 

3965. The system of claim 3950, wherein alt least the one elongated member is arranged 
in a series electrical configuration. / 

3966. The system of claim 3950, wherein at least the one elongated member is arranged 
15 in a parallel electrical configuration. / 

3967. The system of claim 3950, wherein at least the one elongated member is 
configurable to generate radiant heat ob approximately 650 W/m to approximately 1650 
W/m during use. / 

20 I 

3968. The system of claim 3950, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the opening to control a pressure in the opening 
during use. 

25 

3969. The system of claim 3950, ft rther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



least the one elongated member, wherein the lead-in conductor comprises copper wire. 




\ 
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3970. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

/ 

5 3971 . The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3972. The system of claim 3950, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3973. The system of claim 3950, further comprising an overburden casing coupled to 
15 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3974. The system of claim 3950, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden/ casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the /opening and the overburden casing during use. 

25 3975. The system of claim 39501 wherein the heated section of the formation is 
substantially pyrolyzed. I 

3976. An in situ method for heating a coal formation, comprising: 

applying an electrical cu Tent to at least one elongated member to provide heat to 
30 at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening of the formation; and 
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allowing heat to transfer from at least the one elongated member to a section of 
the formation. 

3977. The method of claim 3976, wherein at least the one elongated member comprises 
5 a metal strip. 

3978. The method of claim 3976, wherein at /east the one elongated member comprises 
a metal rod. 

10 3979. The method of claim 3976, whereiji at least the one elongated member comprises 
stainless steel. 

3980. The method of claim 3976, furrier comprising supporting at least the one 
elongated member on a center supporj member. 

15 

3981 . The method of claim 3976, |lirther comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises a tube. 

20 3982. The method of claim 397j&, further comprising electrically isolating at least the 
one elongated member with a ceptralizer. 



25 



3983. The method of claim 39/76, further comprising laterally spacing at least the one 
elongated member with a centralizer. 

3984. The method of claim 3 976 ? further comprising electrically coupling at least the 
one elongated member in a series configuration. 



3985. The method of claim 3 
30 one elongated member in a p. 



976, further comprising electrically coupling at least the 
allel configuration. 
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3986. The method of claim 3976, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. ,A 



3987. The method of claim 3976, further comprising determining a temperature 
distribution in at least the one elongated member using an electromagnetic signal 
provided to at least the one elongated memb/r. 

3988. The method of claim 3976, further/comprising monitoring the applied electrical 
current. 



3989. The method of claim 3976, further comprising monitoring a voltage applied to at 
least the one elongated member. 

3990. The method of claim 3976. farther comprising monitoring a temperature in at 
15 least the one elongated member with at least one thermocouple. 



20 



3991 . The method of claim 3976,/further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, the method further comprising flowing an oxidizing fluid through 
the openings to substantially inhibit carbon deposition proximate to or on at least the one 
elongated member. 



3992. The method of claim 39 
a tube disposed proximate to at 
25 carbon deposition proximate to 



3993 . The method of claim 3 
an opening in at least the one e 
proximate to or on at least the 



976 



r 6, further comprising flowing an oxidizing fluid through 
least the one elongated member to substantially inhibit 
or on at least the one elongated member. 



, further comprising flowing an oxidizing fluid through 
ongated member to substantially inhibit carbon deposition 
one elongated member. 
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3994. The method of claim 3976. further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 



A 



5 3995. The method of claim 3976, further comprispg^lectrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor. 



/ 



/ 



3996. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 



3997. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden Rasing is disposed in an overburden of the 

15 formation. 

3998. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

20 3999. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 



4000. The method of claim 39y6, further comprising coupling an overburden casing to 
the opening, wherein a packing/ material is disposed at a junction of the overburden 
25 casing and the opening. 



4001 . The method of claim 3 
the opening, wherein a packin 
casing and the opening, and 
30 fluid between the opening and 



)76, further comprising coupling an overburden casing to 
material is disposed at a junction of the overburden 
wjierein the method further comprises inhibiting a flow of 
the overburden casing with the packing material. 
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4002. The method of claim 3976, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



A 



4003. A system configured to heat a coal formation, comprising: 

at least one elongated member disposed Avithin an opening in the formation, 
wherein at least the one elongated member is Configured to provide heat to at least a 
portion of the formation during use; 

an oxidizing fluid source; 

a conduit disposed within the opening, wherein the conduit is configured to 
provide an oxidizing fluid from the oxidizing fluid source to the opening during use, and 
wherein the oxidizing fluid is selected to substantially inhibit carbon deposition on or 
proximate to at least the one elongated member during use; and 

wherein the system is configured to allow heat to transfer from at least the one 
elongated member to a section of the formation during use. 



4004. The system of claim 4003 /wherein at least the one elongated member comprises 
stainless steel. 



20 



25 



30 



4005. The system of claim 40(13, wherein at least the one elongated member is further 



configured to generate heat dur 
elongated member. 



4006. The system of claim 
to the conduit, wherein the 
elongated member. 



ng application of an electrical current to at least the one 



4003, wherein at least the one elongated member is coupled 
cohduit is further configured to support at least the one 



4007. The system of claim 4003 ; wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongated member, and when in the conduit comprises openings. 
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4008. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to 
electrically isolate at least the one elongated member from the conduit. 



4009. The system of claim 4003, further comprising a^centralizer coupled to at least the 
one elongated member and the conduit, wherein the^entralizer is configured to maintain 
a location of at least the one elongated member on/he conduit. 



40 1 0. The system of claim 4003, wherein the /pening comprises a diameter of at least 
10 approximately 5 cm. 

401 1 . The system of claim 4003, further Comprising a lead-in conductor coupled to at 
least the one elongated member, whereinythe lead-in conductor comprises a low- 
resistance conductor configured to gene/ate substantially no heat. 

15 

4012. The system of claim 4003, funher comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conductor. 

20 4013, The system of claim 4003 /further comprising a lead-in conductor coupled to at 
least the one elongated member, Avherein the lead-in conductor comprises copper wire. 



25 



4014. The system of claim 4003, further comprising a lead-in conductor coupled to at . 
least the one elongated membdr with a cold pin transition conductor. 

401 5. The system of claim 41303, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprise s a substantially low resistance insulated conductor. 



30 4016. The system of claim 4)003, wherein at least the one elongated member is arranged 
in a series electrical configur; 
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4017. The system of claim 4003, wherein at least/the one elongated member is arranged 
in a parallel electrical configuration. 

5 401 8. The system of claim 4003, wherein at least the one elongated member is 

configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

4019. The system of claim 4003, further /comprising a perforated tube disposed in the 
10 opening external to at least the one elongated member, wherein the perforated tube is 

configured to remove vapor from the opening to control a pressure in the opening during 
use. 

4020. The system of claim 4003, fWther comprising an overburden casing coupled to 
15 the opening, wherein the overburdery casing is disposed in an overburden of the 

formation. 



20 



402 1 . The system of claim 4003,/further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overnurden casing comprises steel. 



25 



400B 



4022. The system of claim 
the opening, wherein the 
formation, and wherein the ove 



, further comprising an overburden casing coupled to 
overburden casing is disposed in an overburden of the 
burden casing is further disposed in cement. 



4023. The system of claim 
the opening, wherein the 
formation, and wherein a pack: 
casing and the opening. 



40D3 



, further comprising an overburden casing coupled to 
overbturden casing is disposed in an overburden of the 

ng material is disposed at a junction of the overburden 
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4024. The system of claim 4003. further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an^yerburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



10 



4025. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 



4026. The system of claim 4003, wherein th^ heated section of the formation is 
substantially pyrolyzed. 



15 4027. A system configurable to heat a coal formation, comprising: 

at least one elongated member configurable to be disposed within an opening in 

the formation, wherein at least the one elongated member is further configurable to 

provide heat to at least a portion of the formation during use; 

a conduit configurable to be disposed within the opening, wherein the conduit is 
20 further configurable to provide an oxidizing fluid from the oxidizing fluid source to the 

opening during use, and wherein the system is configurable to allow the oxidizing fluid to 

substantially inhibit carbon deposition on or proximate to at least the one elongated 

member during use; and / 

wherein the system is further configurable to allow heat to transfer from at least 



25 the one elongated member to a sect 



4028. The system of claim 4027, 
stainless steel. 



on of the formation during use. 



therein at least the one elongated member comprises 
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4029. The system of claim 4027, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. 

/ 

5 4030. The system of claim 4027, wherein at least ^tKe one elongated member is coupled 
to the conduit, wherein the conduit is further configurable to support at least the one 
elongated member. 

403 1 . The system of claim 4027, wherein at least the one elongated member is coupled 
10 to the conduit, wherein the conduit is further configurable to support at least the one 
elongated member, and wherein the conduit compnses openings. 



15 



4032. The system of claim 4027, furtMer comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
electrically isolate at least the one elongated member from the conduit. 



20 



4033. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
maintain a location of at least thJone elongated member on the conduit. 

4034. The system of claim 40^7, wherein the opening comprises a diameter of at least 
approximately 5 cm. 



4035. The system of claim 4027, further comprising a lead-in conductor coupled to at 
25 least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configur ible to generate substantially no heat. 



4036. The system of claim 
least the one elongated 
insulated conductor. 



4027, further comprising a lead-in conductor coupled to at 
member, wherein the lead-in conductor comprises a rubber 
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4037. The system of claim 4027. further comprising a lead-in conductor coupled to at' 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

// 

4038. The system of claim 4027, further comprising a lea^in conductor coupled to at 
5 least the one elongated member with a cold pin transition conductor. 



4039. The system of claim 4027, further comprising/a lead-in conductor coupled to at 

/ 

least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially lo^ resistance insulated conductor. 



10 



4040. The system of claim 4027, wherein at/least the one elongated member is arranged 
in a series electrical configuration. 

4041 . The system of claim 4027, wherein at least the one elongated member is arranged 
15 in a parallel electrical configuration. 



20 



25 



4042. The system of claim 4027, wherein at least the one elongated member is 
configurable to generate radiant he^t of approximately 650 W/m to approximately 1650 
W/m during use. 

4043. The system of claim 402#, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor fpm the opening to control a pressure in the opening 
during use. 

4044. The system of claim 4(!)27, further comprising an overburden casing coupled to 
the opening, wherein the over mrden casing is disposed in an overburden of the 
formation. 



790 



Conley, Rose & Tayon. P C. 



4045. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

5 4046. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in/ak overburden of the 
formation, and wherein the overburden casing is fiirther/disposed in cement. 

/ ' 

4047. The system of claim 4027, further comprising an overburden casing coupled to 
10 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

4048. The system of claim 4027, further Comprising an overburden casing coupled to 
15 the opening, wherein the overburden casmg is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

4049. The system of claim 4027, further comprising an overburden casing coupled to 
20 the opening, wherein the overburden casing is disposed in an overburden of the 

formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

25 4050. The system of claim 4027, wherein the heated section of the formation is 
substantially pyrolyzed. 

405 1 . An in situ method for Heating a coal formation, comprising: 

applying an electrical c urrent to at least one elongated member to provide heat to 
30 at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening in the formation; 
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providing an oxidizing fluid to at least the one elongated member to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member; and 

allowing heat to transfer from at least the one elongated member to a section of 
the formation. 



4052. The method of claim 405 1 , wherein at least the one elongate! member comprises 
a metal strip. 



4053. The method of claim 405 1 , wherein at least the on^longated member comprises 
10 a metal rod. 

4054. The method of claim 405 1 , wherein at least ^Ke one elongated member comprises 
stainless steel. 

1 5 4055. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center support member. 

4056. The method of claim 405 1, furthencomprising supporting at least the one 
elongated member on a center support member, wherein the center support member 

20 comprises a tube. 

4057. The method of claim 405 1, further comprising electrically isolating at least the 
one elongated member with a centralizer. 

25 4058. The method of claim 405 1 /further comprising laterally spacing at least the one 
elongated member with a centralizer. 



30 



4059. The method of claim 405 
one elongated member in a serie> 



L further comprising electrically coupling at least the 
configuration. 
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4060. The method of claim 405 K further comprising electrically coupling at least the 
one elongated member in a parallel configuration. 

4061 . The method of claim 405 1, wherein the provided heat comprises approximately 
5 650 W/m to approximately 1650 W/m. 

4062. The method of claim 405 1 , further comprising determining a temperature 
distribution in at least the one elongated member using an Electromagnetic signal 
provided to at least the one elongated member. 

10 

4063. The method of claim 4051, further comprising monitoring the applied electrical 
current. 

4064. The method of claim 405 1, further comp/ising monitoring a voltage applied to at 
15 least the one elongated member. 

4065. The method of claim 405 1, further comprising monitoring a temperature in at 
least the one elongated member with at least one thermocouple. 



20 



25 



4066. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center support member, wherein the center support member 
comprises openings, wherein providing/the oxidizing fluid to at least the one elongated 
member comprises flowing the oxidizipg fluid through the openings in the center support 
member. 

4067. The method of claim 405 L wherein providing the oxidizing fluid to at least the 
one elongated member comprises flowing the oxidizing fluid through orifices in a tube 



disposed in the opening proximate tc 



at least the one elongated member. 
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4068. The method of claim 405 1, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substantially no heat. 



5 4069. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor. 



ri/ll 



4070. The method of claim 405 1, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a coj/pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 



insulated conductor. 



15 



4071 . The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



4072. The method of claim 405 1. further comprising coupling an overburden casing to 
the opening, wherein the overburden casing comprises steel. 

20 4073. The method of claim 405 1, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 



25 



4074. The method of claim 405 1, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



4075. The method of claim 405 1 / further comprising coupling an overburden casing to 
the opening, wherein a packing rraterial is disposed at a junction of the overburden 



casing and the opening, and whe: 



0 fluid between the opening and th ^ overburden casing with the packing material. 



in the method further comprises inhibiting a flow of 
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4076. The method of claim 405 1 , further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the formation. 



10 



4077. An in situ method for heating a coal formation, comprising: 

oxidizing a fuel fluid in a heater; f J 

providing at least a portion of the oxidized fuel fluid into a conduit disposed in an 
opening of the formation; / 

allowing heat to transfer from the oxidized fuel flpd to a section of the formation; 

and 

allowing additional heat to transfer from an electric heater disposed in the opening 
to the section of the formation, wherein heat is allowed to transfer substantially uniformly 
along a length of the opening. 



4078. The method of claim 4077, wherein pro/iding at least the portion of the oxidized 
15 fuel fluid into the opening comprises flowing ^he oxidized fuel fluid through a perforated 

conduit disposed in the opening. 

4079. The method of claim 4077, whereifl providing at least the portion of the oxidized 
fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 

20 conduit disposed in the opening, the method further comprising removing an exhaust 
fluid through the opening. 



25 



4080. The method of claim 4077, 
in the heater with a flame. 

408 1 . The method of claim 4077, 
through the conduit. 



4082. The method of claim 4077 : 
30 through the conduit and providing 

additional heater disposed in the formation 



ler comprising initiating oxidation of the fuel fluid 



ther comprising removing the oxidized fuel fluid 



further comprising removing the oxidized fuel fluid 
the removed oxidized fuel fluid to at least one 
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4083. The method of claim 4077, wherein the conduit comprises an insulator disposed 

A 

on a surface of the conduit, the method further comprising tapering a thickness of the 
insulator such that heat is allowed to transfer substantially uniformly along a length of the 
5 conduit. 

4084. The method of claim 4077, wherein the electric heater is an insulated conductor. 

4085. The method of claim 4077, wherein the electric heat^/ is a conductor disposed in 
10 the conduit. 

4086. The method of claim 4077, wherein the electric/ieater is an elongated conductive 
member. 



15 4087. A system configured to heat a coal formation, comprising: 

one or more heat sources disposed within one or more open wellbores in the 
formation, wherein the one or more heat sources are configured to provide heat to at least 
a portion of the formation during use; and 

wherein the system is configured to aftlow heat to transfer from the one or more 
20 heat sources to a selected section of the formation during use. 



25 



4088. The system of claim 4087, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

4089. The system of claim 4087, whjerein the one or more heat sources comprise 
electrical heaters. 



4090. The system of claim 4087, wjherein the one or more heat sources comprise surface 
30 burners. 



796 



Conley, Rose & Tayon, P C. 



4091 . The system of claim 4087, wherein the one or more heat sources .comprise 
flameless distributed combustors. 

5 4092. The system of claim 4087, wherein the one or more heat sources comprise natural 
distributed combustors. 



10 



4093. The system of claim 4087, wherein the one or more open wellbores comprise a 
diameter of at least approximately 5 cm. 

4094. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 



an overburden of the formation. 



/ 



15 4095. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein the overburden casing comprises steel. 

4096. The system of claim 4087, furtheycomprising an overburden casing coupled to at 
20 least one of the one or more open wellbores, wherein the. overburden casing is disposed in 

an overburden of the formation, and wherein the overburden casing is further disposed in 
cement. 

4097. The system of claim 4087, farther comprising an overburden casing coupled to at 
25 least one of the one or more open wellbores, wherein the overburden casing is disposed in 

an overburden of the formation, ana wherein a packing material is disposed at a junction 
of the overburden casing and the ax least one of the one or more open wellbores. 



4098. The system of claim 4087L further comprising an overburden casing coupled to at 



30 least one of the one or more ope: 
an overburden of the formation, 



wellbores, wherein the overburden casing is disposed in 
vherein a packing material is disposed at a junction of 
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the overburden casing and the at least one of the one or more open wellbores, and 
wherein the packing material is configured to substantially inhibit a flow of fluid between 
at least one of the one or more open wellbores and the overburden casing during use. 



5 4099. The system of claim 4087, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores. wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material/is disposed at a junction of 
the overburden casing and the at least one of the one or n^ore open wellbores, and 



10 



wherein the packing material comprises cement. 

4100. The system of claim 4087, wherein the systerA is further configured to transfer 
heat such that the transferred heat can pyrolyze at l/ast some hydrocarbons in the selected 
section. 



15 4101. The system of claim 4087, further comprising a valve coupled to at least one of 
the one or more heat sources configured to control pressure within at least a majority of 
the selected section of the formation. 

41 02. The system of claim 4087, further domp rising a valve coupled to a production 
20 well configured to control a pressure wittyn at least a majority of the selected section of 
the formation. 



4103. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least one portion of the 
25 formation, wherein the one or more h^at sources are disposed within one or more open 

wellbores in the formation; 

allowing the heat to transfer f^rom the one or more heat sources to a selected 

section of the formation; and 

producing a mixture from th£ formation. 
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4104. The method of claim 4103, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 



./ 



4105. The method of claim 4103, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range with a lower pyrolysis temperature of about 250 °C ajfd an upper pyrolysis 
temperature of about 400 °C. 



4106. The method of claim 4103, wherein the one or/more heat sources comprise 
electrical heaters. 

4107. The method of claim 4103, wherein the ojfe or more heat sources comprise 
15 surface burners. 

4108. The method of claim 4103, wherein tl/e one or more heat sources comprise 
flameless distributed combustors. 

20 4109. The method of claim 4103, wherei/i the one or more heat sources comprise natural 
distributed combustors. 



25 



30 



4110. The method of claim 4103, whe/ein the one or more heat sources are suspended 
within the one or more open wellboresJ 

4111. The method of claim 4103, wHerein a tube is disposed in at least one of the one or 
more open wellbores proximate to heat source, the method further comprising flowing a 



substantially constant amount a fluid 



through critical flow orifices in the ti]be. 



into at least one of the one or more open wellbores 
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4112. The method of claim 4103. wherein a perforated tube is disposed in at least one of 
the one or more open wellbores proximate to the heat source, the method further 
comprising flowing a corrosion inhibiting fluid into at least one of the open wellbores 
through the perforated tube. 

5 

41 13. The method of claim 4103, further comprising/coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation. 

10 4114. The method of claim 4103, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores( wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the overburden casing comprise steel. 

4115. The method of claim 4103, furthe^omprising coupling an overburden casing to 
15 at least one of the one or more open welLoores, wherein the overburden casing is disposed 

in an overburden of the formation, and ^herein the overburden casing is further disposed 
in cement. 

41 16. The method of claim 4103, farther comprising coupling an overburden casing to 
20 at least one of the one or more opery wellbores, wherein the overburden casing is disposed 

in an overburden of the formation, /and wherein a packing material is disposed at a 
junction of the overburden casing /and the at least one of the one or more open wellbores. 



4117. The method of claim 4106, further comprising coupling an overburden casing to 
25 at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the method further comprises inhibiting a 
flow of fluid between the at lea<;t one of the one or more open wellbores and the 
overburden casing with a packi ig material. 



30 4118. The method of claim 41 
formation to substantially pyrol 



03, further comprising heating at least the portion of the 
vze at least some of the carbon within the formation. 
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4119. The method of claim 4 103, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of tl^formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



4120. The method of claim 4103, further comprising controlling a pressure with the 
wellbore. 

10 4121. The method of claim 4103, further comprising controlling a pressure within at 
least a majority of the selected section of the forpation with a valve coupled to at least 
one of the one or more heat sources. 

4 1 22. The method of claim 4103, further comprising controlling a pressure within at 
15 least a majority of the selected section of tl/e formation with a valve coupled to a 
production well located in the formation. , 



20 



4123. The method of claim 4103, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



4 1 24. The method of claim 4 1 03, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the coal formation from the one or more heat 
25 sources, wherein the formation has an average heat capacity(C v ), and wherein the heating 
pyrolyzes at least some hydrocarbons within the selected volume of the formation; and 

wherein heating energyAflay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by thjb equation: 

Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 



5 4125. The method of claim 4 1 03 , wherein allowing the heatto transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. 



4126. The method of claim 4103, wherein providing heat from the one or more heat 
10 sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about y0.5 W/(m °C). 



15 



4127. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

4128. The method of claim 4103, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



20 4129. The method of claim 4103, wherein/the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4130. The method of claim 4103, wherein the produced mixture comprises non- 
25 condensable hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight 
of the non-condensable hydrocarbons are olefins. 



4131. The method of claim 4103, whirein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 



30 basis, of the condensable hydrocarbons 



is nitrogen. 
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4132. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



5 4133. The method of claim 4103. wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



10 4134. The method of claim 4103. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight,ywhen calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

4135. The method of claim 4103, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein greater than about 20 % joy weight of the condensable 
hydrocarbons are aromatic compounds. 



20 



4136. The method of claim 4103, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 °/<Jby weight of the condensable 
hydrocarbons comprises multi-ring aromatic sAvith more than two rings. 



25 



4137. The method of claim 4103, whereinrthe produced mixture comprises condensable 
hydrocarbons, and wherein less than about/0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4138. The method of claim 4103. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalwanes. 



30 4139. The method of claim 4103, wl 
condensable component, wherein the 



erein the produced mixture comprises a non- 
lon-condensable component comprises hydrogen, 
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and wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

4140. The method of claim 4103, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



10 



4141. The method of claim 4103, wherein the produced mixture /omprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4142. The method of claim 4103, further comprising controlling a pressure within at 
least a majority of the selected section of the formation. 

4143. The method of claim 4103, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



4144. The method of claim 4103, further comprising controlling formation conditions 
such that the produced mixture comprises a partial pressure of H 2 within the mixture 

20 greater than about 0.5 bar. 

4145. The method of claim 4144, wherein tfie partial pressure of H2 is measured when 
the mixture is at a production well. 

25 4146. The method of claim 4103, whereih controlling formation conditions comprises 
recirculating a portion of hydrogen from me mixture into the formation. 



4147. The method of claim 4103, further comprising altering a pressure within the 
formation to inhibit production of hydrpcarbons from the formation having carbon 
30 numbers greater than about 25 . 
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4148. The method of claim 4103, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and / 
heating a portion of the section with heat from hydrogenation. 

5 

4149. The method of claim 4103, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising h^drogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

10 41 50. The method of claim 4103, wherein allowing the heat to transfer comprises 

increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

4151. The method of claim 4103, wherein alio wW the heat to transfer comprises 
15 substantially uniformly increasing a permeability ot a majority of the selected section. 

4152. The method of claim 4103, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by Fischer Assay. 

20 4153. The method of claim 4103, wherein/producing the mixture comprises producing 
the mixture in a production well, and wheyein at least about 7 heat sources are disposed in 
the formation for the production well. 

41 54. The method of claim 4103, further comprising providing heat from three or more 
25 heat sources to at least a portion of th& formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4155. The method of claim 4103, further comprising providing heat from three or more 
30 heat sources to at least a portion of/the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

41 56. The method of claim 4103, further comprising separating the produced mixture 
5 into a gas stream and a liquid stream. 



into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. / 
10 / 

4158. The method of claim 4103, wherein the produced mixture comprises H2S, the 
method further comprising separating a portion of the H2S from non-condensable 
hydrocarbons. / 

15 4159. The method of claim 4103, wherein the produced mixture comprises CO2, the 
method further comprising separating a portion of Xh&COi from non-condensable 
hydrocarbons. / 

4160. The method of claim 4103. wherein the mixture is produced from a production 
20 well, wherein the heating is controlled such that the mixture can be produced from the 

formation as a vapor. / 

4161 . The method of claim 4103, whereiiythe mixture is produced from a production 
well, the method further comprising heatimg a wellbore of the production well to inhibit 

25 condensation of the mixture within the wellbore. 

4162. The method of claim 4103, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the well/bore, and further comprising heating the formation 

30 with the heater element to produce the mixture, wherein the mixture comprises a large 
non-condensable hydrocarbon gas coriponent and H2. 
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4163. The method of claim 4103, wherein the selected section is heated to a minimum 
pyrolysis temperature of about 270 °C. 



5 4164. The method of claim 4103, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production/^ fluids having carbon 
numbers above 25. 



4165. The method of claim 4103, further comprising^ controlling pressure within the 

10 formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an amount of condensable hydrocarbons within 
the produced mixture, wherein the pressure is reduced to increase production of 
condensable hydrocarbons, and wherein the pressure is increased to increase production 
of non-condensable hydrocarbons. 

15 

4166. The method of claim 4103, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar, as measured at a 
wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 

20 and wherein the pressure is increased to reduce the API gravity. 



25 



4 167. A mixture produced fronya portion of a coal formation, the mixture comprising: 
an olefin content of less than about 10% by weight; and 

an average carbon numhSer less than about 35. 

4168. The mixture of claim ft 167, further comprising an average carbon number less 
than about 30. 



4169. The mixture of clainJ 4167, further comprising an average carbon number less 
30 than about 25. 



4170. 



The mixture of claim 4167, further comprising: 
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non-condensabie hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and 

wherein a weight ratio of the hydrocarbons having carbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately \/ 



10 



4171. The mixture of claim 41 67, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on anatomic basis, of the 
condensable hydrocarbons is nitrogen, wherein less than abput 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen, and wherein 
less than about 1 % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is sulfur. 



15 



20 



4172. The mixture of claim 4167, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4173. The mixture of claim 4167, further comprising condensable hydrocarbons, 
wherein an olefin content of the condensable/hydrocarbons is greater than about 0.1 % by 
weight of the condensable hydrocarbons, and wherein the olefin content of the 
condensable hydrocarbons is less than abcjut 1 5 % by weight of the condensable 
hydrocarbons. 



25 



4174. The mixture of claim 4167, furtfier comprising condensable hydrocarbons, 
wherein less than about 15 % by weight of the condensable hydrocarbons have a carbon 
number greater than about 25. 

4 1 75. The mixture of claim 4 1 74, ^herein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen, wherein less 
than about 1 % by weight, when calculated on an atomic basis, of the condensable 



hydrocarbons is oxygen, and whe 
an atomic basis, of the condensab 



ein less than about 1 % by weight, when calculated on 
e hydrocarbons is sulfur. 
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4176. The mixture of claim 41 73, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

5 4177. The mixture of claim 4167, further comprising/ 

non-condensable hydrocarbons comprising h/drocarbons having carbon numbers 
of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is greater than approximately 1 ; 

wherein the non-condensable hydrocarbons further comprise H 2) wherein greater 
10 than about 15 % by weight of the non-condensable hydrocarbons comprises H2; and 
condensable hydrocarbons, comprisir 

oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
15 condensable hydrocarbons comprises aromatic compounds. 

41 78. The mixture of claim 4167, further comprising: 

condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprise^ hydrocarbons having a carbon number greater than 
20 about 25; 

wherein the condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
25 condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H 2) wherein greater than about 15 % 
by weight of the non-condensaple hydrocarbons comprises H2. 



41 79. The mixture of claim 4 167, further comprising a condensable mixture, 
30 comprising: 
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olefins, wherein about 0.1 % by weight to about 15 % by weight of the 
condensable mixture comprises olefins; and 

asphaltenes, wherein less than about 0.1 % by weight of the condensable mixture 

comprises asphaltenes. ^ 

/ 

4180. The mixture of claim 4 1 79, further comprising, oxygenated hydrocarbons, 
wherein less than about 15 % by weight of the c^densable mixture comprises 
oxygenated hydrocarbons; 



10 4181. The mixture of claim 4167, further Comprising a condensable mixture, 
comprising: 

olefins, wherein about 0.1 % by height to about 2 % by weight of the 
condensable mixture comprises olefins'; and 

multi-ring aromatics, wherein/less than about 2 % by weight of the condensable 
15 mixture comprises multi-ring aromatics with more than two rings. 

4 1 82. The mixture of claim 4 1 80^urther comprising oxygenated hydrocarbons, wherein 
greater than about 25 % by weigjit of the condensable mixture comprises oxygenated 
hydrocarbons. 

20 

4183. The mixture of claim 4167, further comprising: 
non-condensable hydrocarbons, wherein the non-condensable hydrocarbons 

comprise H 2i wherein greater than about 10 % by weight of the non-condensable 
hydrocarbons comprises tb; 
25 ammonia, wherein greater than about 0.5 % by weight of the mixture comprises 

ammonia; and / 

hydrocarbons, wherein a weight ratio of hydrocarbons having greater than about 2 
carbon atoms, to methane, is greater than about 0.4. 

30 4 1 84. A mixture produced from a portion of a coal formation, the mixture, comprising: 
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non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5; and 

wherein a weight ratio of the hydrocarbons having carbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1 . 

5 

4185. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

10 4186. The mixture of claim 4184, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4187. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 

15 condensable hydrocarbons is nitrogen. 

4188. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

20 

4189. The mixture of claim 4184, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wherein the oxygen containing compounds 
comprise phenols. 

25 

4 1 90. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 
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4191. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. ^ 

5 4192. The mixture of claim 4184, further comprising condensable hydrocarbons, 

wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

4193. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
10 wherein less than about 0.3 % by weight of the condei/sable hydrocarbons are 

asphaltenes. 

4 1 94. The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 % by/weight of the condensable hydrocarbons 

15 comprise cycloalkanes. 

4195. The mixture of claim 4184, wherein the non-condensable hydrocarbons further 
comprises hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 
non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 

20 volume of the non-condensable hydrocarbons. 

4 1 96. The mixture of claim 4 1 84, further comprising ammonia, wherein greater than 
• about 0.05 % by weight of the produced mixture is ammonia. 

25 4197. The mixture of claim 4 1 84/, further comprising ammonia, wherein the ammonia is 
used to produce fertilizer. 



4198. The mixture of claim 41 
wherein less than about 15 weight 
30 number greater than approximate 



■4, further comprising condensable hydrocarbons, 

% of the condensable hydrocarbons have a carbon 
ly 25. 
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4199. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise olefins, and wherein about 0. 1 % to 
about 5 % by weight of the condensable hydrocarbons comprises olefins. 

5 4200. The mixture of claim 41 84, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises olefins, and wherein about 0. 1 % to 
about 2.5 % by weight of the condensable hydrocarbons comprises olefins. 

420 1 . The mixture of claim 4 1 84, further comprising condensable hydrocarbons, 

10 wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and wherein 
greater than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. 

4202. The mixture of claim 4 1 84, further comprising non-condensable hydrocarbons, 
15 wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 

5 % by weight of the non-condensable/hydrocarbons comprises H2. 



20 



4203 . The mixture of claim 4184, fiurther comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 



4204. The mixture of claim 418ft, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 



25 4205. A mixture produced frofn a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1; and 

condensable hydrocarbDns comprising oxygenated hydrocarbons, wherein greater 
30 than about 5 % by weight of the condensable component comprises oxygenated 
hydrocarbons. 
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4206. The mixture of claim 4205, wherein about 0.1 % by weight to about 15 % by 
weight of the condensable hydrocarbons are olefins. / 



5 4207. The mixture of claim 4205, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4208. The mixture of claim 4205, wherein less than aoout 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 

10 / 

4209. The mixture of claim 4205, wherein less man about 1 % by weight, when 
calculated on an atomic basis, of the condensab/le hydrocarbons is oxygen. 

4210. The mixture of claim 4205, wherein/less than about 1 % by weight, when 
15 calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

421 1 . The mixture of claim 4205, whe/ein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

20 / 

4212. The mixture of claim 4205, Avherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4213. The mixture of claim 4205, wherein less than about 5 % by weight of the 

25 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4214. The mixture of claim 42D5, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are zsphaltenes. 

30 42 1 5. The mixture of claim 4205, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 





814 



Conley, Rose & Tayoa P C. 




42 16. The mixture of claim 4205, wherein the non-condensable hydrocarbons comprises 
hydrogen, wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons, and wherein the hydrogen is les^ than about 80 % by volume 

5 of the non-condensable hydrocarbons. / 

42 1 7. The mixture of claim 4205, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

10 42 18. The mixture of claim 4205, wherein the p/oduced mixture comprises ammonia, 
and wherein the ammonia is used to produce feyiilizer. 

4219. The mixture of claim 4205, wherein less than about 5 weight % of the 



condensable hydrocarbons in the mixture have a carbon number greater than 
15 approximately 25. / 

4220. The mixture of claim 4205, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0(1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. / 

20 / 

4221 . The mixture of claim 4205/ wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to about 2.5 % by weight of the condensable 
hydrocarbons comprises olefins; 

25 4222. The mixture of claim 4205, wherein the non-condensable hydrocarbons further 
comprise H2, wherein greater/than about 5 % by weight of the mixture comprises H 2 . 

4223. The mixture of claim 4205, wherein the non-condensable hydrocarbons further 
comprise H 2 , wherein greatfer than about 15 % by weight of the mixture comprises H 2 . 
30 / 
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4224. The mixture of claim 4205, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 

4225. A mixture produced from a portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons iiaving carbon numbers 

of less than 5, wherein a weight ratio of hydrocarbons having carl^n numbers from 2 
through 4, to methane, is greater than approximately 1 ; 
condensable hydrocarbons; 

wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons comprises nitrogen; 

wherein less than about 1 % by weight, when caj^ulated on an atomic basis, of the 
condensable hydrocarbons comprises oxygen; and 

wherein less than about 1 % by weight, wherybalculated on an atomic basis, of the 
condensable hydrocarbons comprises sulfur. 

4226. The mixture of claim 4225, further comorising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



4227. The mixture of claim 4225, wherein less than about 5 weight % of the 
20 condensable hydrocarbons have a carbon number greater than approximately 25. 



25 



4228. The mixture of claim 4225, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0. 1 % by weight to about 15 % by weight of the condensable 
hydrocarbons are olefins. 

4229. The mixture of claim 4225, Wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges frpm about 0.001 to about 0.15. 



4230. The mixture of claim 4225, 
30 weight of the condensable 

wherein the oxygen containing 



wherein about 5 % by weight to about 30 % by 
hydrocarbons comprise oxygen containing compounds, and 
compounds comprise phenols. 
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423 1 . The mixture of claim 4225, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

5 4232. The mixture of claim 4225, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than ftvo rings. 

4233. The mixture of claim 4225, wherein less than about 0.3 % by Weight of the 
condensable hydrocarbons are asphaltenes. / 

10 / 

4234. The mixture of claim 4225, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. / 

4235. The mixture of claim 4225, wherein the non-cortaensable hydrocarbons comprises 
1 5 hydrogen, and wherein the hydrogen is greater than apout 1 0 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. / 

4236. The mixture of claim 4225, further comprising ammonia, and wherein greater 
20 than about 0.05 % by weight of the producer mixture is ammonia. 

4237. The mixture of claim 4225, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. / 

25 4238. The mixture of claim 4225, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable component comprises Oxygenated hydrocarbons. 

4239. The mixture of claim 4223, wherein the non-condensable hydrocarbons comprise 
30 H 2 , and wherein greater than about 5 % by weight of the non-condensable hydrocarbons 
comprises H2. 



817 



Conley, Rose & Tayon, P C. 





4240. The mixture of claim 4225, wherein the non-condensable hydrocarbons comprise 
Fh, and wherein greater than about 15 % by weight of the mixture comprises H2. 



5 424 1 . The mixture of claim 4225, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater, than about 0.3/ 



4242. A mixture produced from a portion of a coal forma^fon, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

10 of less than 5, wherein a weight ratio of hydrocarbons Waving carbon numbers from 2 
through 4, to methane, is greater than approximately 

ammonia, wherein greater than about 0.5 %my weight of the mixture comprises 
ammonia; and / 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
15 than about 5 % by weight of the condensable hfydrocarbons comprises oxygenated 
hydrocarbons. / 

4243. The mixture of claim 4242, wherem the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 P/o by weight to about 15 % by weight of the 

20 condensable hydrocarbons are olefins. / 

4244. The mixture of claim 4242, Wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wh'erein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

25 / 

4245. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein Lbss than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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4246. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. / 



5 4247. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weignt, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulf 

4248. The mixture of claim 4242, wherein the condensable hydrocarbons further 
10 comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds cc/mprise phenols. 

4249. The mixture of claim 4242, wherein the condensable hydrocarbons further 

15 comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



20 



4250. The mixture of claim 4242, wherein the condensable hydrocarbons further 
comprise multi-aromatic rings, and/wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



425 1 . The mixture of claim 42A2, wherein the condensable hydrocarbons further 
comprise asphaltenes, and whe/ein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes./ 

4252. The mixture of claim/4242, wherein the condensable hydrocarbons further 



comprise cycloalkanes, and 
condensable hydrocarbons 



herein about 5 % by weight to about 30 % by weight of the 
< xe cycloalkanes. 



30 4253. The mixture of clai n 
comprise hydrogen, where n 



4242, wherein the non-condensable hydrocarbons further 
the hydrogen is greater than about 10 % by volume of the 
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non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 

4254. The mixture of claim 4242, wherein the produced mixture further comprises 
5 ammonia, and wherein greater than about 0.05 % by weight/of the produced mixture is 
ammonia. 



10 



15 



4255. The mixture of claim 4242, wherein the produced mixture further comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4256. The mixture of claim 4242, wherein the condensable hydrocarbons comprise 
hydrocarbons having a carbon number of greater /than approximately 25, and wherein less 
than about 1 5 weight % of the hydrocarbons in pe mixture have a carbon number greater 
than approximately 25. 

4257. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greater than about 5 % by weight of the mixture comprises H 2 . 



4258. The mixture of claim 4242, wherein the non-condensable hydrocarbons further 
20 comprise H 2 , and wherein greater than ajbout 15 % by weight of the mixture comprises 



25 



4259. The mixture of claim 4242, wmerein the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of greater than 2, wherein a weight ratio 
of hydrocarbons having carbon numpers greater than 2, to methane, is greater than about 

0.3. 



4260. A mixture produced from a/portion of a coal formation, the mixture comprising: 
non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
30 of less than 5, wherein a weight ra io of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than approximately 1 ; and 
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condensable hydrocarbons comprising olefins, wherein less than about 10 % by 
weight of the condensable hydrocarbons comprises olefins. 

4261 . The mixture of claim 4260, wherein the non-condensable hydrocarbons further 
5 comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to abom 0.15. 

4262. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 

10 atomic basis, of the condensable hydrocarbons is nitrogen. 

4263. The mixture of claim 4260, wherein the/condensable hydrocarbons further 
comprise oxygen, and wherein less than aboutf 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

15 / 

4264. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than atfout 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

20 4265. The mixture of claim 4260, wHerein the condensable hydrocarbons further 

comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

25 4266. The mixture of claim 4260J wherein the condensable hydrocarbons further 
comprise aromatic compounds, anil wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4267. The mixture of claim 4260, wherein the condensable hydrocarbons further 
30 comprise multi-ring aromatics, aid wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4268. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weightof the condensable 
hydrocarbons are asphaltenes. 

5 

4269. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weigjn to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

10 4270. The mixture of claim 4260, wherein the iym-condensable hydrocarbons further 
comprise hydrogen, and wherein the hydrogen is greater than about 10 % by volume of 
the non-condensable hydrocarbons and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 

15 4271 . The mixture of claim 4260, whe/ein the produced mixture further comprises 
ammonia, and wherein greater than at?6ut 0.05 % by weight of the produced mixture is 
ammonia. 

4272. The mixture of claim 426^, wherein the produced mixture further comprises 
20 ammonia, and wherein the ammonia is used to produce fertilizer. 



25 



4273. The mixture of claim4260, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, and 
wherein less than about 1 51% by weight of the hydrocarbons have a carbon number 
greater than approximately 25. 



4274. The mixture of claim 4260, wherein about 0.1 % to about 5 % by weight of the 
condensable component comprises olefins. 



30 4275. The mixture cff claim 4260, wherein about 0. 1% to about 2 % by weight of the 
condensable component comprises olefins. 
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4276. The mixture of claim 4260, wherein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and wherein greater thsfn about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



4277. The mixture of claim 4260, wherein the condensable hydrocarbons further 

comprise oxygenated hydrocarbons, and wherein grpater than about 25 % by weight of 

/ 

the condensable component comprises oxygenated'hydrocarbons. 

10 4278. The mixture of claim 4260, wherein Xh& non-condensable hydrocarbons further 
comprise H2, and wherein greater than about f> % by weight of the non-cortdensable 
hydrocarbons comprises H2. 

4279. The mixture of claim 4260, where/n the non-condensable hydrocarbons further 
15 comprise H 2 , and wherein greater than apout 15 % by weight of the non-condensable 
hydrocarbons comprises H2. 



20 



25 



4280. The mixture of claim 4260, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methafie, is greater than about 0.3. 

4281 . A mixture produced from af portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 1 5 weight % of the 

condensable hydrocarbons have a carbon number greater than 25; and 

wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and 
wherein greater than about 5 % jpy weight of the condensable hydrocarbons comprises 
oxygenated hydrocarbons. 



4282. The mixture of claim 
wherein the non-condensable 
30 numbers of less than 5, and 
numbers from 2 through 4, to 



428 



1 , further comprising non-condensable hydrocarbons, 
hydrocarbons comprise hydrocarbons having carbon 
wherein a weight ratio of hydrocarbons having carbon 
ethane, is greater than approximately 1. 
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4283. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about l/% by weight of the 
condensable hydrocarbons are olefins. / 

4284. The mixture of claim 428 1 , further comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 



10 4285. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is/nitrogen. 

4286. The mixture of claim 4281, wherein the condensable hydrocarbons further 

15 comprise oxygen, and wherein less than aboui 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4287. The mixture of claim 4281, whereiA the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 

20 atomic basis, of the condensable hydrocarbons is sulfur. 

4288. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 

25 wherein the oxygen containing compounds comprise phenols. 

4289. The mixture of claim 4281, wmerein the condensable hydrocarbons further 
comprise aromatic compounds, and \\ herein greater than about 20 % by weight of the 
condensable hydrocarbons are aroma ic compounds. 




30 
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4290. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

/ 

429 L The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by \yeight of the condensable 
hydrocarbons are asphaltenes. 



4292. The mixture of claim 428 1 , wherein the condensable hydrocarbons further 
10 comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 



4293 . The mixture of claim 428 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 

15 hydrogen is greater than about 10 % by volume of the non-condensable hydrocarbons and 
wherein the hydrogen is less than about 80 % by volume of the non-condensable 
hydrocarbons. 

4294. The mixture of claim 428 1 , further comprising ammonia, and wherein greater 
20 than about 0.05 % by weight of the produced mixture is ammonia. 

4295. The mixture of claim 4281, further coi/iprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

25 4296. The mixture of claim 4281 , wherein the condensable hydrocarbons further 
comprises olefins, and wherein less than abput 10 % by weight of the condensable 
hydrocarbons comprises olefins. 

4297. The mixture of claim 4281, where/n the condensable hydrocarbons further 



30 comprises olefins, and wherein about 0. 1 
hydrocarbons comprises olefins. 



% to about 5 % by weight of the condensable 
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4298. The mixture of claim 4281, wherein the condensable hydrocarbons further 
comprises olefins, and wherein about 0.1 % to about 2 %'by weight of the condensable 
hydrocarbons comprises olefins. 

5 

4299. The mixture of claim 4281, wherein the ^ndensable hydrocarbons further 
comprises oxygenated hydrocarbons, and wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises the^oxygenated hydrocarbon. 

10 4300. The mixture of claim 428 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 5 % 
by weight of the non-condensable hydrocarbons comprises H2. 

430 1 . The mixture of claim 428 1 /further comprising non-condensable hydrocarbons, 
1 5 wherein the non-condensable hydrocarbons comprise H2, wherein greater than about 1 5 
% by weight of the non-condensable hydrocarbons comprises H 2 . 



20 



25 



4302. The mixture of claim 4281, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, tof methane, is greater than about 0.3. 

4303. A mixture produced/from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 1 5 % by weight of the 

condensable hydrocarbons/ have a carbon number greater than about 25; 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is nitrogen; 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic t asis, is oxygen; and 



wherein less than 
calculated on an atomic 



about 1 % by weight of the condensable hydrocarbons, when 
asis, is sulfur. 
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4304. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable component comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of/hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater thaii approximately 1. 

I 

4305. The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by v^feight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

10 4306. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.15. 

4307. The mixture of claim 4303, wherein the condensable hydrocarbons further 
15 comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4308. The mixture of claim 4303/ wherein the condensable hydrocarbons further 

20 comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4309. The mixture of claim 4i03, wherein the condensable hydrocarbons further 
comprise multi-ring aromaticsiand wherein less than about 5 % by weight of the 

25 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



30 



43 10, The mixture of claim 4303, wherein the condensable hydrocarbons further 



comprise asphaltenes, and w! 
hydrocarbons are asphaltenei. 



erein less than about 0.3 % by weight of the condensable 
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43 1 1 . The mixture of claim 4303, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

5 43 12. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
and wherein the non-condensable hydrocarbons comprise hydjogen, and wherein greater 
than about 10 % by volume and less than about 80 % by volume of the non-condensable 
component comprises hydrogen. / 

10 43 13. The mixture of claim 4303, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

43 14. The mixture of claim 4303, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. / 

15 / 

43 1 5. The mixture of claim 4303, whereiiV the condensable component further 
comprises olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
component comprises olefins. 

20 43 1 6. The mixture of claim 4303, wl 
comprises olefins, and wherein about 
component comprises olefins. / 

43 1 7. The mixture of claim 4303, Avherein the condensable hydrocarbons further 
25 comprise oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 

condensable hydrocarbons composes oxygenated hydrocarbons. 

43 18. The mixture of claim 43013, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 

30 5 % by weight of the non-condensable hydrocarbons comprises H2. 
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»rein the condensable component further 

).l % to about 2.5 % by weight of the condensable 



10 



15 



20 



43 19. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises I-b. 

./ 

4320. The mixture of claim 4303, further comprising non-condensable hydrocarbons, 
wherein a weight ratio of compounds within the non-condensable hydrocarbons having 
greater than about 2 carbon atoms, to methane, is greater tjian about 0.3. 

432 1 . A mixture produced from a portion of a coal formation, comprising: 
condensable hydrocarbons, wherein less thany^bout 15 % by weight of the 

condensable hydrocarbons have a carbon number greater than 20; and 

wherein the condensable hydrocarbons comprise olefins, wherein an olefin 
content of the condensable component is less than about 10 % by weight of the 
condensable component. j 

4322. The mixture of claim 4321 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a we/ght ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, ys greater than approximately 1 . 



4323. The mixture of claim 4321, wnerein the condensable hydrocarbons further 
comprise olefins, and wherein about 6.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

25 4324. The mixture of claim 4321 /further comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about/0. 15. 

4325. The mixture of claim 4321, wherein the condensable hydrocarbons further 



30 comprise nitrogen, and wherein 



atomic basis, of the condensable hydrocarbons is nitrogen 



[ess than about 1 % by weight, when calculated on an 
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4326. The mixture of claim 432 1 , wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 



/ 



4327. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when/ealculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



10 4328. The mixture of claim 4321 , wherein the condensabl^iydrocarbons, wherein about 
5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen/containing compounds comprise 
phenols. 



1 5 4329. The mixture of claim 432 1 , wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4330. The mixture of claim 4321, wherein the' condensable hydrocarbons further 
20 comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



4331. The mixture of claim 432 1 , wherein/ the condensable hydrocarbons further 
comprise asphaltenes, and wherein less th^n about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



30 



4332. The mixture of claim 4321, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



830 



Conley, Rose & Tayon. P C. 



4333. The mixture of claim 4321 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrogen, and wherein the 
hydrogen is about 10 % by volume to about 80 % by volume of the non-condensable 
hydrocarbons. 

5 

4334. The mixture of claim 432 1 , further comprising ammonia, where/n greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4335. The mixture of claim 4321, further comprising ammonia, and wherein the 
10 ammonia is used to produce fertilizer. 

4336. The mixture of claim 4321 , wherein about 0. 1 % to about 5 % by weight of the 
condensable component comprises olefins. 

15 4337. The mixture of claim 4321 , wherein about 0. 1 %jto about 2 % by weight of the 
condensable component comprises olefins. 

4338. The mixture of claim 4321 , wherein the condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of 

20 the condensable component comprises oxygenated hydrocarbons. 

4339. The mixture of claim 432 1 , wherein the Condensable component further 
comprises oxygenated hydrocarbons, and wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 



25 



4340. The mixture of claim 432 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons- comprises H2. 



\ 
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4341. The mixture of claim 4321, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H 2 . 



4342. The mixture of claim 432 1 , further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons compri/e hydrocarbons having carbon 
numbers of less than 5, and wherein a weight rati/ of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 

4343. A mixture produced from a portion m a coal formation, comprising: 
condensable hydrocarbons, wherein less than about 5 % by weight of the 

condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; and / 

wherein the condensable hydrocarbons further comprise aromatic compounds, 
wherein more than about 20 % by weight of the condensable hydrocarbons comprises 
aromatic compounds. / 

4344. The mixture of claim 434y, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to/methane, is greater than approximately 1 . 

4345. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4346. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein a molar ratio of/ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to abdut 0.15. 
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4347. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

5 4348. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4349. The mixture of claim 4343, wherein the condensable hydrocarbons further 
10 comprise sulfur, and wherein less than about 1 %/by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



15 



4350. The mixture of claim 4343, wherein tMe condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 



20 



435 1 . The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



25 



30 



4352. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein jfess than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4353. The mixture of claim 434 j, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about p % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4354. The mixture of claim 
wherein the non-condensable 



43^3, further comprising non-condensable hydrocarbons, 
hydrocarbons comprise hydrogen, and wherein the 



v 
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hydrogen is greater than about 10 % by volume and less than about 80 % by volume of 
the non-condensable hydrocarbons. 



4355. The mixture of claim 4343, further comprising ammonia, and wherein greater 
5 than about 0.05 % by weight of the produced mixture is4mmonia. 



10 



4356. The mixture of claim 4343, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. j 

4357. The mixture of claim 4343, wherein tlWcondensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to/about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 



4358. The mixture of claim 4343, where/in the condensable hydrocarbons further 
15 comprises olefins, and wherein about 0./ % to about 2 % by weight of the condensable 

hydrocarbons comprises olefins. 

4359. The mixture of claim 4343, wherein the condensable hydrocarbons further 
comprises multi-ring aromatic compounds, and wherein less than about 2 % by weight of 

20 the condensable hydrocarbons con/prises multi-ring aromatic compounds. 



25 



4360. The mixture of claim 4348, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



4343 



4361. The mixture of claim 
oxygenated hydrocarbons, and 
condensable component comprises 



, wherein the condensable hydrocarbons comprises 
wherein greater than about 25 % by weight of the 
oxygenated hydrocarbons. 
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4362. The mixture of claim 4343, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H 2 . 



5 4363. The mixture of claim 4343, further comprising non-cbndensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H 2 , and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H 2 . 

4364. The mixture of claim 4343, further comprising fton-condensable hydrocarbons, 
10 wherein the non-condensable hydrocarbons comprises' hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio oyhydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 0.3. 



4365. A mixture produced from a portion of a coal formation, comprising 



a coja 



15 non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 

of less than about 5, wherein a weight ratio of th( hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture is /greater than approximately 1; 

wherein the non-condensable hydrocarbons further comprise H 2 , wherein greater 
than about 15 % by weight of the non-condei^able hydrocarbons comprises H 2 ; and 
20 condensable hydrocarbons, comprising: 

oxygenated hydrocarbons, wherein greater than about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than atyout 10 % by weight of the condensable 
hydrocarbons comprises olefins; and 
25 aromatic compounds, wherein greater than about 20 % by weight of the 

condensable hydrocarbons comprises aromatic compounds. 



4366. The mixture of claim 4365 
comprise ethene and ethane, and whereir 
30 condensable hydrocarbons ranges from 



wherein the non-condensable hydrocarbons further 
a molar ratio of ethene to ethane in the non- 
about 0.001 to about 0.15. 
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4367. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen, j 

5 4368. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by we/ght, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4369. The mixture of claim 4365, wherein the condensable hydrocarbons further 
10 comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 

atomic basis, of the condensable hydrocarbons is sulfur. 

4370. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 

15 weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4371 . The mixture of claim 4365, whereirV the condensable hydrocarbons comprise 
multi-ring aromatics, and wherein less thaii about 5 % by weight of the condensable 

20 hydrocarbons comprises multi-ring aromatics with more than two rings. 

4372. The mixture of claim 4365, whe/ein the condensable hydrocarbons comprise 
asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

25 / 

4373. The mixture of claim 4365, Wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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4374. The mixture of claim 4365, wherein the non-condensable hydrocarbons further 

, y 

comprises hydrogen, and wherein greater than about 10 % by volume and less than about 
80 % by volume of the non-condensable hydrocarbons. 

5 4375. The mixture of claim 4365, further comprising anynonia, and wherein greater 
than about 0.05 % by weight of the produced mixture isyammonia. 

4376. The mixture of claim 4365, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

10 

4377. The mixture of claim 4365, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, 
wherein less than about 1 5 % by weight of the hydrocarbons have a carbon number 
greater than approximately 25. 

15 

4378. The mixture of claim 4365, wherein/about 0.1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

4379. The mixture of claim 4365, wherein about 0.1 % to about 2 % by weight of the 
20 condensable hydrocarbons comprises olefins. 

4380. The mixture of claim 4365, whferein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



25 438 1 . The mixture of claim 4365, Wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms tq methane is greater than about 0.3. 



4382. A mixture produced from a 



oortion of a coal formation, comprising: 
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condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; ^ 

wherein the condensable hydrocarbons further comprise: 
5 oxygenated hydrocarbons, wherein greater than about 5 % by weight of 

the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less than about 10 %/by weight of the condensable 
hydrocarbons comprises olefins; and / 

aromatic compounds, wherein greater than about 30 % by weight of the 
10 condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H2, wherein greater than about 15 % 

by weight of the non-condensable hydrocarbon^ comprises H2. 

/ 
/ 

4383. The mixture of claim 4382, wherein t^e non-condensable hydrocarbons further 
15 comprises hydrocarbons having carbon numbers of less than 5, and wherein a weight 

ratio of hydrocarbons having carbon numbers from 2 through 4, to methane, is greater 
than approximately 1 . / 

4384. The mixture of claim 4382, wherein the non-condensable hydrocarbons comprise 
20 ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 

hydrocarbons ranges from about 0.001 to about 0.15. 



4385. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less tJan about 1 % by weight, when calculated on an 
25 atomic basis, of the condensable hydrocarbons is nitrogen. 



4386. The mixture of claim 4382, ^herein the condensable hydrocarbons further 
comprise oxygen, and wherein less tpan about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

30 
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4387. The mixture of claim 4382, wherein the condensable hydrocarbons further 



comprise sulfur, and wherein less than about 1 % by weight,jwhen calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

/ 

5 4388. The mixture of claim 4382, wherein the/condensable hydrocarbons further 

comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

10 4389. The mixture of claim 4382, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4390. The mixture of claim 4382/ wherein the condensable hydrocarbons further 

15 comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4391 . The mixture of claim 4682, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 

20 condensable hydrocarbons aye cycloalkanes. 

4392. The mixture of claim 4382, wherein greater than about 10 % by volume and less 
than about 80 % by volume of the non-condensable hydrocarbons is hydrogen. 

25 4393. The mixture of claim 4382, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 



30 



4394. The mixture of 
ammonia is used to 



proc luce 



aim 4382, further comprising ammonia, and wherein the 
fertilizer. 
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4395. The mixture of claim 4382, wherein about 0.1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

4396. The mixture of claim 4382, wherein about 0. 1 % to about 2 % by weight of the 
5 condensable hydrocarbons comprises olefins. 



4397. The mixture of claim 4382, wherein the condensable hydrocarbons comprises 

oxygenated hydrocarbons, and wherein ^eater than about 15 % by weight of the 

condensable hydrocarbons comprises oxygenated hydrocarbons. 

10 / 

/ 

4398. The mixture of claim 4382, wherein the mixture comprises hydrocarbons having 

greater than about 2 carbon atoms, and wherein the weight ratio of hydrocarbons having 

greater than about 2 carbon atoms ^ methane is greater than about 0.3. 

/ 
/ 

15 4399. A condensable mixture produced from a portion of a coal formation, comprising: 
olefins, wherein about 0./ % by weight to about 15 % by weight of the 
condensable mixture comprises/olefins; 

oxygenated hydrocarbons, wherein less than about 15 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons; and 
20 asphaltenes, wherein \Lss than about 0.1 % by weight of the condensable mixture 

comprises asphaltenes. 



4400. The mixture of claim 4399, wherein the condensable mixture further comprises 
hydrocarbons having a cartfon number of greater than approximately 25, and wherein less 
25 than about 1 5 weight % of jthe hydrocarbons in the mixture have a carbon number greater 
than approximately 25. 



30 



440 1 . The mixture of clai 
weight of the condensable 



m 4399, wherein about 0. 1 % by weight to about 5 % by 
mixture comprises olefins. 
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4402. The mixture of claim 4399, wherein the condensable mixture further comprises 
non-condensable hydrocarbons, wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

/ 

4403. The mixture of claim 4399, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable mixture is nitrogen. 

10 4404. The mixture of claim 4399, whereii/the condensable mixture further comprises 
oxygen, and wherein less than about 1 %/oy weight, when calculated on an atomic basis, 
of the condensable mixture is oxygen. 

4405. The mixture of claim 4399, wherein the condensable mixture further comprises 
15 sulfur, and wherein less than about/l % by weight, when calculated on an atomic basis, of 
the condensable mixture is sulfur .y 



20 



4406. The mixture of claim 4 J99, wherein the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable mixture comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 



30 



4407. The mixture of cl^m 4399, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 % by weight of the condensable 
mixture are aromatic compounds. 



4408. The mixture of 
multi-ring aromatics, ar 
hydrocarbons comprises 



(jlaim 4399, wherein the condensable mixture further comprises 
d wherein less than about 5 % by weight of the condensable 
multi-ring aromatics with more than two rings. 
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4409. The mixture of claim 4399, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable mixture are cycloalkanes. 

/ 

4410. The mixture of claim 4399, wherein the condensablemixture comprises non- 
condensable hydrocarbons, and wherein the non-condensable hydrocarbons comprise 
hydrogen, and wherein the hydrogen is greater than aboiit 10 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen^s less than about 80 % by volume 
of the non-condensable hydrocarbons. 



44 1 1 . The mixture of claim 4399, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 



15 



4412. The mixture of claim 4399, furtherycomprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 



4413. The mixture of claim 4399, whferein about 0.1 % by weight to about 2 % by 
weight of the condensable mixture comprises olefins. 



20 4414. A condensable mixture produced from a portion of a coal formation, comprising: 
olefins, wherein about 0.1 r/o by weight to about 2 % by weight of the 
condensable mixture comprises olefins; 

multi-ring aromatics, wherein less than about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings; and 
25 oxygenated hydrocarbons, wherein greater than about 25 % by weight of the 

condensable mixture comprises oxygenated hydrocarbons. 



44 1 5 . The mixture of claim 
number of greater than 
hydrocarbons in the mixture 



4|414, further comprising hydrocarbons having a carbon 
approximately 25, wherein less than about 5 weight % of the 
hive a carbon number greater than approximately 25. 
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4416. The mixture of claim 4414, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is nitrogen. 

/ 

5 441 7. The mixture of claim 4414, wherein the condensable/mixture further comprises 
oxygen, and wherein less than about 1 % by weight, whep calculated on an atomic basis, 
of the condensable hydrocarbons is oxygen. 

441 8. The mixture of claim 4414, wherein the condensable mixture further comprises 
10 sulfur, and wherein less than about 1 % by weight, when calculated on an atomic basis, of 

the condensable hydrocarbons is sulfur. 

4419. The mixture of claim 4414, wherein/the condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 

15 the condensable hydrocarbons comprise/Oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

4420. The mixture of claim 4414, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 % by weight of the condensable 

20 mixture are aromatic compounds. 

442 1 . The mixture of claim 4414, wherein the condensable mixture further comprises 
condensable hydrocarbons, ana wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are/asphaltenes. 



25 



4422. The mixture of claim ,4414, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons a-e cycloalkanes. 



30 4423 . The mixture of claim 



about 0.05 % by weight of the produced mixture is ammonia. 



4414, further comprising ammonia, wherein greater than 
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4424. The mixture of claim 4414, further comprising ammonia, wh^jpin the ammonia is 

used to produce fertilizer. / 

/ 

4425. A mixture produced from a portion of a coal formation, comprising: 
non-condensable hydrocarbons and H2, wherein greater than about 10 % by 

volume of the non-condensable hydrocarbons and H2 comprises H2; 

ammonia and water, wherein greater than aboja 0.5 % by weight of the mixture 
comprises ammonia; and 

condensable hydrocarbons. 



15 



4426. The mixture of claim 4425, wherein tl)6 non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of less than 5, and wherein a weight ratio 
of the hydrocarbons having carbon numbe/s from 2 through 4, to methane, in the mixture 
is greater than approximately 1 . 



20 



25 



4427. The mixture of claim 4425, wherein greater than about 0. 1 % by weight of the 
condensable hydrocarbons, and wherein less than about 15% by weight of the 
condensable hydrocarbons are olefins. 

4428. The mixture of claim 442o, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, wnerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is greater than about 0.001, and wherein a molar ratio of 
ethene to ethane in the non-condensable hydrocarbons is less than about 0.15. 

4429. The mixture of claim 4425, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 



4430. The mixture of claim 4425, wherein less than about 1 % by weight, when 
30 calculated on an atomic basis, of the condensable hydrocarbons is oxygen. 
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443 1 . The mixture of claim 4425, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

4432. The mixture of claim 4425, wherein about 5 % by weigh/to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols' 



4433. The mixture of claim 4425, wherein greater than epout 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

10 

4434. The mixture of claim 4425, wherein less than About 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4435. The mixture of claim 4425, wherein less tpan about 0.3 % by weight of the 
15 condensable hydrocarbons are asphaltenes. 



25 



4436. The mixture of claim 4425, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are oycloalkanes. 



20 4437. The mixture of claim 4425, wherein^he H 2 is less than about 80 % by volume of 
the non-condensable hydrocarbons and H2. 

4438. The mixture of claim 4425, whereip the condensable hydrocarbons further 
comprise sulfur containing compounds. 



4440. The mixture of claim 4425, where 
hydrocarbons have carbon numbers great 



4439. The mixture of claim 4425, wherein the ammonia is used to produce fertilizer. 



n less than about 5 % of the condensable 
than 25. 
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4441 . The mixture of claim 4425, wherein the condensable hydrocarbons comprise 
olefins, and wherein about 0.001 % by weight of the condensable hydrocarbons comprise 
olefins, and wherein less than about 15 % by weight of the condensable hydrocarbons 
comprise olefins. ' 

4442. The mixture of claim 4425, wherein the condensa6le hydrocarbons comprise 
olefins, and wherein about 0.001 % by weight of the condensable hydrocarbons comprise 
olefins, and wherein less than about 10 % by weighybf the condensable hydrocarbons 
comprise olefins. 

4443. The mixture of claim 4425, wherein the^condensable hydrocarbons comprise 
oxygenated hydrocarbons, and wherein greater than about 1.5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 



15 4444. The mixture of claim 4425, wherein the condensable hydrocarbons further 
comprise nitrogen containing compounds. 

4445. A method of treating a coal formation in situ comprising providing heat from 
three or more heat sources to at least/a portion of the formation, wherein three or more of 
20 the heat sources are located in the formation in a unit of heat sources, and wherein the 
unit of heat sources comprises a tri/ingular pattern. 



25 



4446. The method of claim 4443, wherein three or more of the heat sources are located 
in the formation in a plurality oflthe units, and wherein the plurality of units are repeated 
over an area of the formation to/form a repetitive pattern of units. 



30 



4447. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality if the units, wherein the plurality of units are repeated over 
an area of the formation to for n a repetitive pattern of units, and wherein a ratio of heat 
sources in the repetitive pattern of units to production wells in the repetitive pattern is 
less than approximately 5. 
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4448. The method of claim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern^bf units, wherein three or more 
production wells are located within an area defined by the plurality of units, wherein the 
three or more production wells are located in the^ormation in a unit of production wells, 
and wherein the unit of production wells comprises a triangular pattern. 



4449. The method of claim 4445, wherein three or more of the heat sources are located 
10 in the formation in a plurality of the unite, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
injection wells are located within an area defined by the plurality of units, wherein the 
three or more injection wells are located in the formation in a unit of injection wells, and 
wherein the unit of injection weltycomprises a triangular pattern. 



20 



4450. The method of claim 44A5, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
production wells and three ar more injection wells are located within an area defined by 
the plurality of units, wherein the three or more production wells are located in the 
formation in a unit of production wells, wherein the unit of production wells comprises a 
first triangular pattern, wherein the three or more injection wells are located in the 
formation in a unit of injdction wells, wherein the unit of injection wells comprises a 



second triangular pattern 



and wherein the first triangular pattern is substantially different 



25 than the second triangular pattern. 

445 1 . The method of cl aim 4445, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation io form a repetitive pattern of units, wherein three or more 
30 monitoring wells are located within an area defined by the plurality of units, wherein the 
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three or more monitoring wells are located in the formation in a unit of monitoring wells, 
and wherein the unit of monitoring wells comprises a triangular pattern. 

4452. The method of claim 4445, wherein a production well is located in an area 
5 defined by the unit of heat sources. 

4453. The method of claim 4445, wherein thr6e or more of the heat sources are located 
in the formation in a first unit and a second imit, wherein the first unit is adjacent to the 
second unit, and wherein the first unit is iiyverted with respect to the second unit. 

10 

4454. The method of claim 4445, wherein a distance between each of the heat sources in 
the unit of heat sources varies by less/than about 20 %. 

4455. The method of claim 4445 Jwherein a distance between each of the heat sources in 
15 the unit of heat sources is approximately equal. 

4456. The method of claim 4445, wherein providing heat from three or more heat 
sources comprises substantially uniformly providing heat to at least the portion of the 
formation. 



20 



4457. The method of claim/4445, wherein the heated portion comprises a substantially 
uniform temperature distribution. 



4458. The method of claim 4445, wherein the heated portion comprises a substantially 
25 uniform temperature distribution, and wherein a difference between a highest temperature 

in the heated portion and a lowest temperature in the heated portion comprises less than 
about 200 °C. 

4459. The method of claim 4445, wherein a temperature at an outer lateral boundary of 
30 the triangular pattern and ajtemperature at a center of the triangular pattern are 

approximately equal. 
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4460. The method of claim 4445, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of the triangular pattern increase 
substantially linearly after an initial period of time, and wherein the initial period of time 
5 comprises less than approximately 3 months. 



4461 . The method of claim 4445, wherein d time required to increase an average 
temperature of the heated portion to a selected temperature with the triangular pattern of 
heat sources is substantially less than a time required to increase the average temperature 

10 of the heated portion to the selected temperature with a hexagonal pattern of heat sources, 
and wherein a space between each oflthe heat sources in the triangular pattern is 
approximately equal to a space between each of the heat sources in the hexagonal pattern. 

4462. The method of claim 4446, wherein a time required to increase a temperature at a 
15 coldest point within the heated portion to a selected temperature with the triangular 

pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest point within the/heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately equal to a space between each of the heat sources in 
20 the hexagonal pattern. 



4463. The method of clam 4445, wherein a time required to increase a temperature at a 
coldest point within the Heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
25 at the coldest point with] n the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a number of heat sources per unit area in the 
triangular pattern is equal to the number of heat sources per unit are in the hexagonal 
pattern of heat sources. 

30 4464. The method of cliim 4445, wherein a time required to increase a temperature at a 
coldest point within the hfeated portion to a selected temperature with the triangular 
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pattern of heat sources is substantially equal to a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately 5 m greater than a/space between each of the heat 
5 sources in the hexagonal pattern. 



4465. The method of claim 4445, wherein providing heat from three or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of im coal formation from three or more of the heat 
10 sources, wherein the formation has an average heat capacity (C v ), and wherein heat from 
three or more of the heat sources pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; andy 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
15 Pwr = h*V*C v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk pensity, and wherein the heating rate is less than about 
10°C/day. 

20 4466. The method of claim ^445, wherein three or more of the heat sources comprise 
electrical heaters. 



25 



4467. The method of clain£ 4445, wherein three or more of the heat sources comprise 
surface burners. 

4468. The method of claim 4445, wherein three or more of the heat sources comprise 
flameless distributed combustors. 



4469. The method of claijn 
30 natural distributed combusi 



4445, wherein three or more of the heat sources comprise 
ors. 
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4470. The method of claim 4445, further comprising: 

allowing the heat to transfer from three or more of the heat sources to a selected section 
of the formation such that heat from three or more of the heat^ources pyrolyzes at least 
some hydrocarbons within the selected section of the formation; and 
5 producing a mixture of fluids from the formation. 

/ 

4471. The method of claim 4470, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the tempe/ature is controlled as a function of 

10 pressure. 

4472. The method of claim 4470, further comp/ising controlling the heat such that an 
average heating rate of the selected section is less than about 1.0° C per day during 
pyrolysis. / 



4473. The method of claim 4470, wherein/ allowing the heat to transfer from three or 
more of the heat sources to the selected section comprises transferring heat substantially 
by conduction. ' 



20 4474. The method of claim 4470, wherein providing heat from three or more of the heat 
sources to at least the portion of the fo(mation comprises heating the selected section 
such that a thermal conductivity of at/least a portion of the selected section is greater than 
about 0.5 W/m °C. 

25 4475. The method of claim 4470,/wherein the produced mixture comprises an API 
gravity of at least 25°. 

4476. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1% by weight to about 15% by weight of the 



30 condensable hydrocarbons are o 



efins. 
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4477. The method of claim 4470, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



5 4478. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wjien calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

4479. The method of claim 4470, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about 1 % by/weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxyge 
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4480. The method of claim 4470, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



20 



4481 . The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % m weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds compriseyphenols. 



25 



4482. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

4483. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and whereih less than about 5 % by weight of the condensable 



hydrocarbons comprises 



nulti-ring aromatics with more than two rings. 
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4484. The method of claim 4470, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.1% by weight of the condensable 
hydrocarbons are asphaltenes. / 

5 4485. The method of claim 4470, wherein the produced fixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

4486. The method of claim 4470, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10/% by volume of the non-condensable 
component, and wherein the hydrogen is lesp than about 80 % by volume of the non- 
condensable component. / 

1 5 4487. The method of claim 4470, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 %/by weight of the produced mixture is ammonia. 

4488. The method of claim 4470, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

20 / 

4489. The method of claim 4470, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherein a partial pressure of H2 within 
the mixture is greater than about 2.0 bar absolute. 

25 4490. The method of claim 4470, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

4491 . The method of claim 4470, further comprising controlling formation conditions 
30 by recirculating a portion of hydrogen from the mixture into the formation. 
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4492. The method of claim 4470, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and ^ * 

heating a portion of the section with heat from hydrogenation. 

4493. The method of claim 4470, further comprising/ 
producing hydrogen from the formation; anc/ 

hydrogenating a portion of the produced ^ndensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

4494. The method of claim 4470, wherein Allowing the heat to transfer from three or 
more of the heat sources to the selected section of the formation comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

4495. The method of claim 4470, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section of the formation comprises substantially 
uniformly increasing a permeability of a majority of the selected section. 



4496. The method of claim 4470, further comprising controlling the heat from three of 
20 more heat sources to yield greater than about 60 % by weight of condensable 
hydrocarbons, as measured by Fischer Assay. 



25 



30 



4497. The method of clainV 4470, wherein producing the mixture comprises producing 
the mixture in a production/well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

4498. The method of cla/m 4470, further comprising providing heat from three or more 

ortion of the formation, wherein three or more of the heat 
formation in a unit of heat sources, and wherein the unit of heat 
gular pattern. 



heat sources to at least a 
sources are located in the 
sources comprises a triar 
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4499. The method of claim 4470, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4500. A method for in situ production of synthesis gas from a cjzfal formation, 
comprising: 

heating a section of the formation to a temperature si/fficient to allow synthesis 
10 gas generation, wherein a permeability of the section is substantially uniform and greater 
than a permeability of an unheated section of the formation when the temperature 
sufficient to allow synthesis gas generation within theTormation is achieved; 

providing a synthesis gas generating fluid tcythe section to generate synthesis gas; 

and 

1 5 removing synthesis gas from the formation. 



20 



450 1 . The method of claim 4500, wherein the permeability of the section is greater than 
about 100 millidarcy when the temperatur^sufficient to allow synthesis gas generation 
within the formation is achieved. 

4502. The method of claim 4500, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 



4503. The method of claim 4500/ further comprising heating the section when providing 
25 the synthesis gas generating fluicy to inhibit temperature decrease in the section due to 
synthesis gas generation. 



30 



4504. The method of claim 4 
oxidizing fluid into a portion c 
above a temperature sufficient 



00, wherein heating the section comprises convecting an 
f the section, wherein the temperature within the section is 
to support oxidation of carbon within the section with the 
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oxidizing fluid, and reacting the oxidizing fluid with carbon in the section to generate 
heat within the section. 

A 

4505. The method ot claim 4504, wherein the oxidizing fluid comprises air. 

4506. The method of claim 4505, wherein an amount i^the oxidizing fluid convected 
into the section is configured to inhibit formation of pxides of nitrogen by maintaining a 
reaction temperature below a temperature sufficient to produce oxides of nitrogen 
compounds. 

4507. The method of claim 4500, wherein heating the section comprises diffusing an 
oxidizing fluid to reaction zones adjacent to wellbores within the formation, oxidizing 
carbon within the reaction zone to generate/neat, and transferring the heat to the section. 



15 4508. The method of claim 4500, wherein heating the section comprises heating the 
section by transfer of heat from one or more of electrical heaters. 

4509. The method of claim 4500, wHerein heating the section to a temperature sufficient 
to allow synthesis gas generation ana providing a synthesis gas generating fluid to the 
20 section comprises introducing stear^ into the section to heat the formation and to generate 
synthesis gas. 



25 



45 10. The method of claim 45001 further comprising controlling the heating of the 
section and provision of the synthesis gas generating fluid to maintain a temperature 
within the section above the temperature sufficient to generate synthesis gas. 



45 1 1 . The method of claim 4500 
monitoring a composition 
controlling heating of the 

fluid to maintain the compositior 



, further comprising: 
of the produced synthesis gas; and 
section and provision of the synthesis gas generating 
of the produced synthesis gas within a selected range. 
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45 1 2. The method of claim 45 1 L wherein the selected range comprises a ratio of H 2 to 
CO of about 2:1. 

/ 

4513. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
5 liquid water. 

45 14. The method of claim 4500, wherein the^ynthesis gas generating fluid comprises 
steam. 

10 45 1 5. The method of claim 4500, whereiA the synthesis gas generating fluid comprises 
water and carbon dioxide, and wherein the carbon dioxide inhibits production of carbon 
dioxide from carbon containing material within the section. 

45 1 6. The method of claim 45 1 5, wherein a portion of the carbon dioxide within the 
15 synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4517. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



20 



4518. The method of clain/ 45 1 7, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



45 19. The method of claim 4500, wherein providing the synthesis gas generating fluid 
to the section comprises rpising a water table of the formation to allow water to flow into 
the section. 



4520. The method 
well equipped with a 
to a synthesis gas produc 



of cl&im 4500, wherein the synthesis gas is removed from a producer 
healting source, and wherein a portion of the heating source adjacent 
ng zone operates at a substantially constant temperature to 
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promote production of the synthesis gas wherein the synthesis gas has a selected 
composition. 



452 1 . The method of claim 4520, wherein the substantiallyconstant temperature is 
about 700 °C and wherein the selected composition has a H2 to CO ratio of about 2:1. 



10 



4522. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less/han 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within the section to increase a H2 
concentration of the generated synthesis gas. 



15 



4523. The method of claim 4500, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the section to increase an energy content of the 
synthesis gas removed from the formatio^ 



20 



4524. The method of claim 4500, filmier comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4525. The method of claim 450(/, further comprising generating electricity from the 
synthesis gas using a fuel cell. 



4526. The method of claim 4d00, further comprising generating electricity from the 
25 synthesis gas using a fuel cell J separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 



30 



4527. The method of clai 
as a combustion fuel to heat 



4500, further comprising using a portion of the synthesis gas 
the formation. 
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4528. The method of claim 4500, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

5 4529. The method of claim 4500. further comprising concerting at least a portion of the 
produced synthesis gas to methanol. / 

4530. The method of claim 4500, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. / 

10 / 

4531. The method of claim 4500, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

4532. The method of claim 4500, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4533. The method of claim 4500, further comprising providing heat from three or more 
20 . heat sources to at least a portion/of the formation, wherein three or more of the heat 

sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formationf to form a repetitive pattern of units. 



25 



30 



4534. A method of treating a coal formation in situ, comprising: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat io transfer from the one or more heat sources to substantially 



uniformly increase a pe 
portion to a temperature 



eability of the portion and to increase a temperature of the 
sufficient to allow synthesis gas generation; 
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providing a synthesis gas generating fluid to at least}the portion of the selected 
section, wherein the synthesis gas generating fluid comprises carbon dioxide; 

obtaining a portion of the carbon dioxide of the synthesis gas generating fluid 
from the formation; and 
5 producing synthesis gas from the formation. 

4535. The method of claim 4534, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400 rC to about 1200 °C. 

10 4536. The method of claim 4534, further comprising using a second portion of the 

separated carbon dioxide as a flooding agent to produce hydrocarbon bed methane from a 
coal formation. / 

4537. The method of claim 4536, wherein the coal formation is a deep coal formation 
15 over 760 m below ground surface. / 

4538. The method of claim 4536, wherein the coal formation adsorbs some of the 
carbon dioxide to sequester the carbon dioxide. 

20 4539. The method of claim 4534/ further comprising using a second portion of the 
separated carbon dioxide as a flooding agent for enhanced oil recovery. 

4540. The method of claim 4534, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 

25 portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within the produced synthesis gas. 

4541 . The method of claim #534, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 

30 portion of the hydrocarbons "eaCt within the selected section to increase an energy 
content of the produced syntiesis gas. 

860 Conley, Rose & Tayon, P C. 
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4542. The method of claim 4534, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate. electricity. / 

5 / 

4543. The method of claim 4534, further comprisim/generating electricity from the 
synthesis gas using a fuel cell. / 

4544. The method of claim 4534, further com/rising generating electricity from the 

10 synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carborf dioxide within a spent portion of the 
formation. / 

4545. The method of claim 4534, furtMer comprising using a portion of the synthesis gas 
15 as a combustion fuel for heating the formation. 

4546. The method of claim 4534, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. / 

20 / 

4547. The method of claim 45G4, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4548. The method of claim A534, further comprising converting at least a portion of the 
25 produced synthesis gas to gasoline. 

4549. The method of claim 4534, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 
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4550. The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 

synthesis gas having a ratio of H 2 to carbon monoxide ,of greater than about 2. 

/• 

/ 

455 1 . The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 



a synthesis gas having a ratio of H2 to carbon/monoxide of less than about 2. 

4552. The method of claim 4534, wherein a temperature of the one or more heat sources 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H 2 to carbon monoxide of approximately 2. 



15 



4553. The method of claim 4534, wherein a heat source of the one or more of heat 
sources comprises an electrical heater. 

4554. The method of claim 4534, wherein a heat source of the one or more heat sources 
comprises a natural distributor iieater. 



4555. The method of claim/4534, wherein a heat source of the one or more heat sources 
20 comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 

produced from the wellbore of the FDC heater through a conduit positioned within the 
wellbore. 



13 
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4556. The method of claim 4534, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in tne formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



4557. The method o:' 
heat sources to at least 
sources are located in 



claim 4534, further comprising providing heat from three or more 
a portion of the formation, wherein three or more of the heat 
the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern df units. 

4558. A method of in situ synthesis gas production, comprising: 
5 providing heat from one or more flameless distributed combustor heaters to at 

least a first portion of a coal formation; 

allowing the heat to transfer from the one or more heaters to a selected section of 
the formation such that the heat from the one or more heaters substantially uniformly 
increases a permeability of the selected section, and to raise a temperature of the selected 
10 section to a temperature sufficient to generate synthesis gas; 

introducing a synthesis ga^ producing fluid into the selected section to generate 
synthesis gas; and 

removing synthesis gas /from the formation. 

15 4559. The method of claim 4558, wherein the one or more heaters comprise at least two 
heaters, and wherein superposition of heat from at least the two heaters substantially 
uniformly increases a permeability of the selected section, and raises a temperature of the 
selected section to a temperature sufficient to generate synthesis gas. 

20 4560. The method of c/aim 4558, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 

4561 . The method of claim 4558, further comprising producing pyrolyzation products 
25 from the formation when raising the temperature of the selected section to the 

temperature sufficient to generate synthesis gas. 

4562. The method of claim 4558, further comprising separating a portion of carbon 
dioxide from the removed synthesis gas, and storing the carbon dioxide within a spent 

30 portion of the formation. 
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4563. The method of claim 4558, further comprising storing carbon dioxide within a 
spent portion of the formation, wherein an amount of carbon dioxide stored within the 
spent portion of the formation is equal to or greater/fhan an amount of carbon dioxide 
within the removed synthesis gas. 

4564. The method of claim 4558, further comprising separating a portion of H2 from the 
removed synthesis gas; and using a portion of the separated H2 as fuel for the one or more 
heaters. 

10 4565. The method of claim 4564, furthe/ comprising using a portion of exhaust products 
from one or more heaters as a portion otfthe synthesis gas producing fluid 

4566. The method of claim 4558, further comprising using a portion of the removed 
synthesis gas with a fuel cell to generate electricity. 

15 / 

4567. The method of claim 4566, wherein the fuel cell produces steam, and wherein a 
portion of the steam is used as a portion of the synthesis gas producing fluid. 

4568. The method of claim 45o6, wherein the fuel cell produces carbon dioxide, and 
20 wherein a portion of the carboiy dioxide is introduced into the formation to react with 

carbon within the formation to/produce carbon monoxide. 



4569. The method of claim 4566, wherein the fuel cell produces carbon dioxide, and 
storing an amount of carbon/dioxide within a spent portion of the formation equal or 
25 greater to an amount of the carbon dioxide produced by the fuel cell. 



4570. The method of claim 
synthesis gas as a feed 



4558, further comprising using a portion of the removed 
product for formation of hydrocarbons. 
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4571 . The method of claim 4558, wherein the synthesis gas producing fluid comprises 
hydrocarbons having carbon numbers less than 5, and wherein jthe hydrocarbons crack 

within the formation to increase an amount of H2 within the generated synthesis gas. 

/ 

4572. The method of claim 4558, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heay sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4573. The method of claim 4558, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



20 



4574. A method of treating a coal fonnation, comprising: 

heating a portion of the formation with one or more electrical heaters to a 
temperature sufficient to pyrolyze hydrocarbons within the portion; 

producing pyrolyzation fluid from the formation; 

separating a fuel cell feed /stream from the pyrolyzation fluid; and 

directing the fuel cell feed stream to a fuel cell to produce electricity; 



4575. The method of claim 45/74, wherein the fuel cell is a molten carbonate fuel cell. 



25 4576. The method of claim 4574, wherein the fuel cell is a solid oxide fuel cell. 



4577. The method of claim 
electricity to power the 



^■574, further comprising using a portion of the produced 
electrical heaters. 



\ 
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4578. The method of claim 4574, wherein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion- and to produce a 
substantially uniform permeability within the portion. / 



5 4579. The method of claim 4574, wherein the fuel cell feed stream comprises H2 and 



hydrocarbons having a carbon number of less than 5. / 

4580. The method of claim 4574, wherein the fuel cell feed stream comprises H 2 and 
hydrocarbons having a carbon number of less than 3. / 

10 / 

4581 . The method of claim 4574, further comprising hydrogenating the pyrolyzation 
fluid with a portion of H2 from the pyrolyzation fluid. 

4582. The method of claim 4574, wherein the hydrogenation is done in situ by directing 
15 the H2 into the formation. / 

4583. The method of claim 4574, wherein the hydrogenation is done in a surface unit. 

4584. The method of claim 4574, further Comprising directing hydrocarbon fluid having 
20 carbon numbers less than 5 adjacent to at feast one of the electrical heaters, cracking a 

portion of the hydrocarbons to produce Yh, and producing a portion of the hydrogen from 
the formation. / 

4585. The method of claim 4584, further comprising directing an oxidizing fluid 

25 adjacent to at least the one of the electmcal heaters, oxidizing coke deposited on or near 
the at least one of the electrical heaters with the oxidizing fluid. 

4586. The method of claim 4574, fu ther comprising storing CO2 from the fuel cell 
within the formation. 

30 
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4587. The method of claim 4586, wherein the CO2 is adsorbed to carbon material within 
a spent portion of the formation. 

4588. The method of claim 4574, further comprising cooling theportion to form a spent 
5 portion of formation. 

4589. The method of claim 4588, wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 

10 4590. The method of claim 4589, further comprising jising a portion of the removed 
steam to heat a second portion of the formation. 

4591 . The method of claim 4589, further compris/ng using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 

15 

4592. The method of claim 4574, further comprising: 
heating the portion to a temperature sufficient to support generation of synthesis 

gas after production of the pyrolyzation fluids 

introducing a synthesis gas producing fluid into the portion to generate synthesis 
20 gas; and 

removing a portion of the synthesis^ gas from the formation. 

4593. The method of claim 4592, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 

25 by passing the produced synthesis gas prough a turbine. 

4594. The method of claim 4592, further comprising using a first portion of the removed 
synthesis gas as fuel cell feed. 

30 4595. The method of claim 4592, further comprising producing steam from operation of 
the fuel cell, and using the steam as part of the synthesis gas producing fluid. 
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4596. The method of claim 4592. further comprising using carbon dioxide from the fuel 
cell as a part of the synthesis gas producing fluid. / 



5 4597. The method of claim 4592, further comprising using/a portion of the synthesis gas 
to produce hydrocarbon product. / 

4598. The method of claim 4592. further comprising pooling the portion to form a spent 
portion of formation. / 

10 / 

4599. The method of claim 4598, wherein cooling the portion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 

4600. The method of claim 4599, further comprising using a portion of the removed 
15 steam to heat a second portion of the formation. 

4601 . The method of claim 4599, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 

20 4602. The method of claim 4574, furttter comprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation 'm a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

25 4603. The method of claim 4574,ffurther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 




30 
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4604. A method for in situ production of synthesis gas from a coal formation. 

A 

compnsing: / 

providing heat from one or more heat sources to at least a portion of the 

formation; ^ 

allowing the heat to transfer from the one or more heat/sources to a selected 

section of the formation such that the heat from the one or more heat sources pyrolyzes at 

least some of the hydrocarbons within the selected section^of the formation 
producing pyrolysis products from the formation 

heating at least a portion of the selected sectioi/to a temperature sufficient to 
generate synthesis gas; 

providing a synthesis gas generating fluid t^/at least the portion of the selected 
section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formation 



15 4605. The method of claim 4604, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

20 4606. The method of claim 4604, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. 

4607. The method of claim 4604, iirther comprising controlling heat transfer from the 
25 one or more heat sources to product a permeability within the selected section of greater 
than about 100 millidarcy. 



30 



4608. The method of claim 4604, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 
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4609. The method of claim 4604, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

461 0. The method of claim 4604; wherein heating at least/4e portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or mpre heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction 6f hydrocarbon material within the 
zones with an oxidizing fluid; / 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react witfi at least a portion of the hydrocarbon 
material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 



15 46 1 1 . The method of claim 4604, where/n heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 
introducing an oxidizing fluid into the formation through a wellbore; 
transporting the oxidizing fluid substantially be convection into the portion of the 
selected section, wherein the portioryof the selected section is at a temperature sufficient 
20 to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of ihe portion. 

4612. The method of claim 4604, wherein the one or more heat sources comprise one or 
25 more electrical heaters disposed in the formation. 



4613. The method of claim/4604, wherein one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further Comprising heating the conduit by flowing a hot fluid through 
30 the conduit. 
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4614. The method of claim 4604. wherein heating at leefet the portion of the selected 

/ 

section to a temperature sufficient to allow synthesis g^s generation and providing a 
synthesis gas generating fluid to at least the portion^ the selected section comprises 
introducing steam into the portion. 



10 



4615. The method of claim 4604, further comprising controlling the heating of at least 
the portion of selected section and provisionyof the synthesis gas generating fluid to 



15 



maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate syntheses gas. 

4616. The method of claim 4604, furtner comprising: 

monitoring a composition of the produced synthesis gas; and 

controlling heating of at least Ahe portion of selected section and provision of the 

synthesis gas generating fluid to maintain the composition of the produced synthesis gas 

within a desired range. 



4617. The method of claim 460/t, wherein the synthesis gas generating fluid comprises 
liquid water. 

20 461 8. The method of claim ^604, wherein the synthesis gas generating fluid comprises 
steam. 



4619. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
25 dioxide from the selected section. 



4620. The method of 
synthesis gas generating 



claim 



4619, wherein a portion of the carbon dioxide within the 
flfuid comprises carbon dioxide removed from the formation. 
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4621 . The method of claim 4604. wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide Reacts with carbon in the 
formation to generate carbon monoxide. 

5 4622. The method of claim 462 1 , wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



10 



4623. The method of claim 4604, wherein provid/ng the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 



15 



4624. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon nunpers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 



20 



4625. The method of claim 4604, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react witMin at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 



25 



4626. The method of claim 4604, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

4627. The method of claim 460/1, further comprising generating electricity from the 
synthesis gas using a fuel cell. 



4628. The method of claim 
30 synthesis gas using a fuel cell, 



4604 



, further comprising generating electricity from the 
ieparating carbon dioxide from a fluid exiting the fuel cell. 
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and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 

/ 

4629. The method of claim 4604, further comprising using a portion of the synthesis gas 
5 as a combustion fuel for the one or more heat sources. 

4630. The method of claim 4604, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

10 

463 1 . The method of claim 4604, furtl/er comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4632. The method of claim 4604, farther comprising converting at least a portion of the 
15 produced synthesis gas to gasoline. 

4633. The method of claim 4604./ further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

20 4634. The method of claim 4604, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

25 4635. The method of claim 4604, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 

pattern, and wherein a plurality of the units are repeated 
form a repetitive pattern of units. 



sources comprises a triangular 
over an area of the formation t 



30 
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4636. A method for in situ production of synthesis gas from a coal formation. 



10 



15 



comprising: 



/ 



heating a first portion of the formation to pyrolyze' some hydrocarbons within the 
first portion; / 

allowing the heat to transfer from one or mor&4ieat sources to a selected section 
of the formation, 



pyrolyzing hydrocarbons within the selecteyd section; 

producing fluid from the first portion, whpein the fluid comprises an aqueous 
fluid and a hydrocarbon fluid; 

heating a second portion of the formation to a temperature sufficient to allow 
synthesis gas generation; 

introducing at least a portion of the aqueous fluid to the second section after the 
section reaches the temperature sufficient to allow synthesis gas generation; and 

producing synthesis gas from the formation. 

4637. The method of claim 4636, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 



4638. The method of claim 4636, further comprising separating ammonia within the 
20 aqueous phase from the aqueous phajse prior to introduction of at least the portion of the 

aqueous fluid to the second section. J 

4639. The method of claim 4636J wherein a permeability of the second portion of the 
formation is substantially uniform and greater than about 100 millidarcy when the 

25 temperature sufficient to allow synthesis gas generation is achieved. 



4640. The method of claim 46i6, further comprising heating the second portion of the 
formation during introduction off at least the portion of the aqueous fluid to the second 
section to inhibit temperature decrease in the second section due to synthesis gas 
30 generation. 
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4641 . The method of claim 4636, wherein heating the second portion of the formation 
comprises convecting an oxidizing fluid into a portion of the second portion that is above 
a temperature sufficient to support oxidation of c'arbon within the portion with the 
oxidizing fluid, and reacting the oxidizing fluid with carbon in the portion to generate 
heat within the portion. 



10 



4642. The method of claim 4636, whereirf heating the second portion of the formation 
comprises diffusing an oxidizing fluid to reaction zones adjacent to wellbores within the 
formation, oxidizing carbon within the reaction zones to generate heat, and transferring 
the heat to the second portion. 



15 



4643 . The method of claim 4636, wherein heating the second portion of the formation 
comprises heating the second sectiojl by transfer of heat from one or more electrical 
heaters. 

4644. The method of claim 4636, wherein heating the second portion of the formation 
comprises heating the second section with a flameless distributor combustor. 



4645. The method of claim 4636, wherein heating the second portion of the formation 
20 comprises injecting steam into at least the portion of the formation. 

4646. The method of claim /l636, wherein at least a portion of the aqueous fluid 
comprises a liquid phase. 



25 4647. The method of claim 4636, wherein the aqueous fluid comprises a vapor phase. 



30 



4648. The method 
the portion of aqueous flu: 
the formation. 



of clai|m 4636, further comprising adding carbon dioxide to at least 
d to inhibit production of carbon dioxide from carbon within 
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4649. The method of claim 4648, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 

pding hydrocarbons with carbon 
is fluid to increase a H2 

465 1 . The method of claim 4636, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at least the portion of the adueous fluid to increase a H2 

10 concentration within the produced synthesis gas, /vherein the hydrocarbons are obtained 
from the produced fluid. / 

4652. The method of claim 4636, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to/increase energy content of the produced 

15 synthesis gas. / 

4653. The method of claim 4636, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous flu/d to increase energy content of the produced 
synthesis gas, wherein the hydrocarbons are obtained from the produced fluid. 

20 / 

4654. The method of claim 4636, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. / 

25 4655. The method of claim 4636Jfurther comprising generating electricity from the 
synthesis gas using a fuel cell. / 

4656. The method of claim 463t>, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
30 and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 



4650. The method of claim 4636, further comprising \ 
numbers less than 5 to at least the portion of the aqueo^ 
concentration within the produced synthesis gas. 
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4657. The method of claim 4636, further comprising using a portion of the synthesis gas 

/ 

as a combustion fuel for the one or more heat sources. 



5 4658. The method of claim 4636, further comprising/converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons/using a Fischer-Tropsch synthesis 
process. 

4659. The method of claim 4636, further comprising converting at least a portion of the 
10 produced synthesis gas to methanol. 

4660. The method of claim 4636, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

1 5 466 1 . The method of claim 4636, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



20 



4662. The method of claim 4636, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern./ 



4663. The method of claim 4636, further comprising providing heat from three or more 
heat sources to at least a portion of th* formation, wherein three or more of the heat 

25 sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patten, and wherein a plurality of the units are repeated 
over an area of the formation to fornj a repetitive pattern of units. 

4664. A method for in situ production of synthesis gas from a coal formation, 
30 comprising: 
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heating a portion of the formation with one or more heat sources to create 
increased and substantially uniform permeability within a portion of the formation and to 
raise a temperature within the portion to a temperature sufficient to allow synthesis gas 
generation; 

providing a synthesis gas generating fluid int6 the portion through at least one 
injection wellbore to generate synthesis gas from Jaydrocarbons and the synthesis gas 
generating fluid; and 

producing synthesis gas from at least oiie heat source wellbore in which is 
positioned proximate to a heat source of the one or more heat sources. 



4665. The method of claim 4664, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400° C to about 1200 °C. 

4666. The method of claim 4664, wherein creating a substantially uniform permeability 
15 comprises heating the portion to a temperature within a range sufficient to pyrolyze 

hydrocarbons within the portion, raising the temperature within the portion at a rate of 
less than about 5 °C per day during pyrolyzation and removing a portion of pyrolyzed 
fluid from the formation. 



20 4667. The method of claim 4664, further comprising removing fluid from the formation 
through at least the one injection/wellbore prior to heating the selected section to the 
temperature sufficient to allow synthesis gas generation. 



4668. The method of claim 
25 of a heat source in which is 



30 



46(54, wherein the injection wellbore comprises a wellbore 
positioned a heat source of the one or more heat sources. 



4669. The method of claim 
providing the synthesis gas 
portion of the selected section 



4664, 



, further comprising heating the selected portion during 
generating fluid to inhibit temperature decrease in at least the 
to synthesis gas generation. 



due i 
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4670. The method of claim 46 64 5 further comprising providing a portion of the heat 

needed to raise the temperature sufficient to allow synthesis gas generation by convecting 

f 

an oxidizing fluid to hydrocarbons within the selected section to oxidize a portion of the 
hydrocarbons and generate heat. j 

4671 . The method of claim 46 64 5 further comprising controlling the heating of the 
selected section and provision of the synthesis gas generating fluid to maintain a 
temperature within the selected section ab<j/ve the temperature sufficient to generate 
synthesis gas. 

4672. The method of claim 4664, turttier comprising: 
monitoring a composition of tne produced synthesis gas; and 
controlling heating of the selected section and provision of the synthesis gas 

generating fluid to maintain the composition of the produced synthesis gas within a 
desired range. 



4673. The method of claim 46^4, wherein the synthesis gas generating fluid comprises 
liquid water. 

20 4674. The method of claim 4$64, wherein the synthesis gas generating fluid comprises 
steam. 



25 



4675. The method of claim 
steam to heat the selected 



|664 ? wherein the synthesis gas generating fluid comprises 
section and to generate synthesis gas. 



4676. The method of claim 
water and carbon dioxide. 

4677. The method of claim 



664, wherein the synthesis gas generating fluid comprises 



,676, wherein a portion of the carbon dioxide comprises 



30 carbon dioxide removed from the formation. 
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4678. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. / 

5 4679. The method of claim 4678, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. / 

4680. The method of claim 4664, wherein providing the synthesis gas generating fluid 
to the selected section comprises raising a water table of the formation to allow water to 

10 enter the selected section. / 

468 1 . The method of claim 4664, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon Jnumbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo ^reaction within the selected section to increase a 

15 H2 concentration within the produced/synthesis gas. 

4682. The method of claim 4664, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carpon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 

20 content of the produced synthesis gas. 

4683. The method of claim 466^ , further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

25 

4684. The method of claim 4664, further comprising generating electricity from the 
synthesis gas using a fuel cell. 

4685. The method of claim 4664L further comprising generating electricity from the 

30 synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
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and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. 

4686. The method of claim 4664, further comprising using a portion of the synthesis gas 
5 as a combustion fuel for heating the formation. 



4687. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

10 

4688. The method of claim 4664, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4689. The method of claim 4664, furthe/ comprising converting at least a portion of the 
15 produced synthesis gas to gasoline. 

4690. The method of claim 4664, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 

20 4691 . The method of claim 4664, Wnerein a temperature of at least the one heat source 
wellbore is maintained at a temperature of less than approximately 700 °C to produce a 
synthesis gas having a ratio of H2 tqf carbon monoxide of greater than about 2. 



4692. The method of claim 4664, /wherein a temperature of at least the one heat source 



25 wellbore is maintained at a temper 
a synthesis gas having a ratio of H 



iture of greater than approximately 700 °C to produce 
2 to carbon monoxide of less than about 2. 



4693. The method of claim 4664 
wellbore is maintained at a tempe: 
30 gas having a ratio of H 2 to carbon 



wherein a temperature of at least the one heat source 
ature of approximately 700 °C to produce a synthesis 
monoxide of approximately 2. 
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4694. The method of claim 4664. wherein a heat source of the one or more heat sources 
comprises an electrical heater. 

/ 

4695. The method of claim 4664, wherein a heat source of /the one or more heat sources 
comprises a natural distributor heater. 



10 



4696. The method of claim 4664, wherein a heat soin*ce of the one or more heat sources 
comprises a flameless distributor combustor (FDC) /heater, and wherein fluids are 
produced from the wellbore of the FDC heater through a conduit positioned within the 
wellbore. 



15 



4697. The method of claim 4664, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a un/t of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



20 



4698. The method of claim 4664, further comprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation im a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



4699. A method of treating a coal formation in situ, comprising: 

providing heat from one of more heat sources to at least a portion of the 
25 formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of hydrocarbon material within the selected section of the formation; 

producing pyrolysis products from the formation; 
30 heating a first portion of a formation with one or more heat sources to a 

temperature sufficient to allow generation of synthesis gas; 

I 
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providing a first synthesis gas generating fluid to the first portion to generate a 
first synthesis gas; 

removing a portion of the first synthesis gas from the; formation: 

heating a second portion of a formation with one more heat sources to a 
5 temperature sufficient to allow generation of synthesis gas having a H 2 to CO ratio 
greater than a H 2 to CO ratio of the first synthesis gas/ 

providing a second synthesis gas generating/component to the second portion to 
generate a second synthesis gas; 

removing a portion of the second synthesis gas from the formation; and 
10 blending a portion of the first synthesis/gas with a portion of the second synthesis 

gas to produce a blended synthesis gas having a selected H 2 to CO ratio. 



15 



4700. The method of claim 4699, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocapons within the selected section of the 
formation. 



4701 . The method of claim 4699, wherein the first synthesis gas generating fluid and 
second synthesis gas generating flui^l are the same component. 

20 

4702. The method of claim 4699,/further comprising controlling the temperature in the 
first portion to control a composition of the first synthesis gas. 

4703. The method of claim 4699, further comprising controlling the temperature in the 
25 second portion to control a composition of the second synthesis gas. 



4704. The method of claim 46f?9, wherein the selected ratio is controlled to be 
approximately 2:1 H 2 to CO. 

30 4705. The method of claim 4699, wherein the selected ratio is controlled to range from 



approximately 1.8:1 to approxi 



lately 2.2:1 H 2 to CO. 
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4706. The method of claim 4699, wherein the selected ratio is controlled to be 
approximately 3:1 H2 to CO. / 

/ 

5 4707. The method of claim 4699, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 Hyto CO. 



10 



4708. The method of claim 4699, further/comprising providing at least a portion of the 
produced blended synthesis gas to a condensable hydrocarbon synthesis process to 
produce condensable hydrocarbons. 



4709. The method of claim 4708, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

15 4710. The method of claim 4709, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4711. The method of claint 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a catalytic methanation process to produce methane. 



20 



4712. The method of claim 4699, further comprising providing at least a portion of the 
produced blended synthesis gas to a methanol-synthesis process to produce methanol. 



4713. The method of cflaim 4699, further comprising providing at least a portion of the 
25 produced blended synthesis gas to a gasoline-synthesis process to produce gasoline. 



30 



4714. The method of 
gas comprises withdr. 
temperature of the 
maintained at a 
synthesis gas having t 



claim 4699, wherein removing a portion of the second synthesis 
dwing second synthesis gas through a production well, wherein a 
production well adjacent to a second syntheses gas production zone is 
substantially constant temperature configured to produce second 
le H2 to CO ratio greater the first synthesis gas. 
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471 5. The method of claim 4699, wherein the first synthesis gas producing fluid . 
comprises CO2 and wherein the temperature of the first portion is at a temperature that 
will result in conversion of C0 2 and carbon from th^first portion to CO to generate a CO 

5 rich first synthesis gas. / 

4716. The method of claim 4699, wherein the second synthesis gas producing fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons react Adthin the formation to increase a H 2 

10 concentration within the produced second synthesis gas. 

471 7. The method of claim 4699, wherein blending a portion of the first synthesis gas 
with a portion of the second synthesis gas comprises producing an intermediate mixture 
having a H 2 to CO mixture of less than the selected ratio, and subjecting the intermediate 

15 mixture to a shift reaction to reduce an amount of CO and increase an amount of H 2 to 
produce the selected ratio of H£ to CO. 

471 8. The method of claim/4699, further comprising removing an excess of first 
synthesis gas from the first/portion to have an excess of CO, subjecting the first synthesis 

20 gas to a shift reaction to reduce an amount of CO and increase an amount of H 2 before 
blending the first synthesis gas with the second synthesis gas. 

4719. The method of dlaim 4699, further comprising removing the first synthesis gas 
from the formation under pressure, and passing removed first synthesis gas through a 

25 turbine to generate electricity. 

4720. The method oi claim 4699, further comprising removing the second synthesis gas 
from the formation under pressure, and passing removed second synthesis gas through a 
turbine to generate electricity. 

30 

\ 
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4721 . The method of claim 4699, further comprising generating electricity from the 
blended synthesis gas using a fuel cell. 

4722. The method of claim 4699, further comprising generating electricity from the 

5 blended synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separate^ carbon dioxide within a spent portion of 
the formation. 

4723. The method of claim 4699, furthef comprising using at least a portion of the 
10 blended synthesis gas as a combustion fuel for heating the formation. 



15 



4724. The. method of claim 4699, fghher comprising allowing the heat to transfer from 
the one or more heat sources to the ^elected section to substantially uniformly increase a 
permeability of the selected section. 

4725. The method of claim 469/9, further comprising controlling heat transfer from the 
one or more heat sources to pro/iuce a permeability within the selected section of greater 
than about 100 millidarcy. 



20 4726. The method of claim 4699, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected/ section during synthesis gas generation. 



4727. The method of claim 4699, wherein the temperature sufficient to allow synthesis 
25 gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4728. The method of claim 4699, wherein heating the first a portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
30 disposed in the wellbores, Wherein the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
5 material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected Section. 



4729. The method of claim 4699, wherein /heating the second portion of the selected 

section to a temperature sufficient to allow synthesis gas generation comprises: 
10 heating zones adjacent to wellbo/es of one or more heat sources with heaters 

disposed in the wellbores, wherein the/heaters are configured to raise temperatures of the 

zones to temperatures sufficient to support reaction of hydrocarbon material within the 

zones with an oxidizing fluid; 

introducing the oxidizing flfoid to the zones substantially by diffusion; 
15 allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 

material within the zones to produce heat in the zones: and 

transferring heat from the zones to the selected section. 



20 



25 



30 



4730. The method of claim ft699, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the first portion 
of the selected section, wherein the first portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the first portion of the selected section to 
generate heat and raise the temperature of the first portion. 



4731. The method of c 
section to a temperature 
introducing an 



aim 4699, wherein heating the second portion of the selected 
sufficient to allow synthesis gas generation comprises: 
oxidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially by convection into the second 
portion of the selected section, wherein the second portion of the selected section is at a 
temperature sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the second portion of the selected section to 
5 generate heat and raise the temperature of the sefcond portion. 

4732. The method of claim 4699, wherehythe one or more heat sources comprise one or 
more electrical heaters disposed in the fotfnation. 

10 4733. The method of claim 4699, wherein the one or more heat sources comprises one 
or more natural distributor combustors. 



15 



4734. The method of claim 4699/ wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further composing heating the conduit by flowing a hot fluid through 
the conduit. 



20 



4735. The method of claim 4699, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a first 
synthesis gas generating flmd to the first portion of the selected section comprises 
introducing steam into the first portion. 



25 



30 



4736. The method of cla 
section to a temperature 
second synthesis gas 
comprises introducing 



4699, wherein heating the second portion of the selected 
sufficient to allow synthesis gas generation and providing a 
generating fluid to the second portion of the selected section 
ste&m into the second portion. 



4737. The method of claim 4699, further comprising controlling the heating of the first 
portion of selected section and provision of the first synthesis gas generating fluid to 
maintain a temperature within the first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 
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4738. The method of claim 4699, further comprising controlling the heating of the 
second portion of selected section and provision of/the second synthesis gas generating 
fluid to maintain a temperature within the second/portion of the selected section above 

5 the temperature sufficient to generate synthesis/gas. 

4739. The method of claim 4699, wherein pe first synthesis gas generating fluid 
comprises liquid water. 

10 4740. The method of claim 4699, whe/ein the second synthesis gas generating fluid 
comprises liquid water. 

4741 . The method of claim 4699, ^herein the first synthesis gas generating fluid 
comprises steam. 

15 

4742. The method of claim 469^, wherein the second synthesis gas generating fluid 
comprises steam. 

4743. The method of claim 4^699, wherein the first synthesis gas generating fluid 
20 comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 

carbon dioxide from the selected section. 

4744. The method of claim 4743, wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 

25 formation. 



4745. The method of c 
comprises water and ca* 
carbon dioxide from the 



aim 4699, wherein the second synthesis gas generating fluid 
bon dioxide, wherein the carbon dioxide inhibits production of 
selected section. 



30 
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4746. The method of claim 4745, wherein a portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 

4747. The method of claim 4699, wherein the first synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion/of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. / 

4748. The method of claim 4747, wherein I portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 



15 



4749. The method of claim 4699, wherein the second synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide. 



20 



4750. The method of claim 4749, Avherein a portion of the carbon dioxide within the 
second synthesis gas generating fl/iid comprises carbon dioxide removed from the 
formation. 

475 1 . The method of claim 4699, wherein providing the first synthesis gas generating 
fluid to the first portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the first portion of the selected section. 



25 



4752. The method of claim 4699, wherein providing the second synthesis gas generating 
fluid to the second portion of the selected section comprises raising a water table of the 



formation to allow water to 



low into the second portion of the selected section. 



4753. The method of claim 



4699, wherein the first synthesis gas generating fluid 



30 comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
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least a portion of the hydrocarbons are subjected to a reaction within the first portion of 
the selected section to increase a H2 concentration witliin the produced first synthesis gas. 

4754. The method of claim 4699, wherein the seo^nd synthesis gas generating fluid 
5 comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons are subjected to a reaction within the second portion 
of the selected section to increase a H 2 concen/ration within the produced second 
synthesis gas. 

10 4755. The method of claim 4699, whereWthe first synthesis gas generating fluid 

comprises water and hydrocarbons having/carbon numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within the first portion of the selected section to 
increase an energy content of the produced first synthesis gas. 

15 4756. The method of claim 4699, whetein the second synthesis gas generating fluid 

comprises water and hydrocarbons having carbon numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within at least the second portion of the selected 
section to increase an energy content Jbf the second produced synthesis gas. 



20 4757. The method of claim 4699, farther comprising maintaining a pressure within the 
formation during synthesis gas gene ation, and passing produced blended synthesis gas 
through a turbine to generate electricity. 

4758. The method of claim 4699, f arther comprising generating electricity from the 
25 blended synthesis gas using a fuel C€ 11. 

4759. The method of claim 4699, fiAther comprising generating electricity from the 
blended synthesis gas using a fuel cell separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a spent section of 

30 the formation. 
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4760. The method of claim 4699, farther comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 

4761 . The method of claim 4699, further comprising using a portionpf the first 
5 synthesis gas as a combustion fuel for the one or more heat sources. 

4762. The method of claim 4699, further comprising using a poction of the second 
synthesis gas as a combustion fuel for the one or more heat sources. 

10 4763. The method of claim 4699, further comprising using a portion of the blended 
synthesis gas as a combustion fuel for the one or more heat sources. 



4764. A method of treating a coal formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

15 formation; 

allowing the heat to transfer from the one or mote heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation; 
20 heating at least a portion of the selected sectidn to a temperature sufficient to 

generate synthesis gas; 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to it least the portion of the selected 
25 section to generate synthesis gas; and 

producing a portion of the synthesis gas from the formation. 

4765. The method of claim 4764, wherein the one o ■ more heat sources comprise at 
least two heat sources, and wherein superposition of neat from at least the two heat 

30 sources pyrolyzes at least some hydrocarbons within tljie selected section of the 
formation. 
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4766. The method of claim 4764, wherein the selected r^tio is controlled to be 
approximately 2:1 H2to CO. 

5 4767. The method of claim 4764, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H 2 to 

4768. The method of claim 4764, wherein the sheeted ratio is controlled to be 
approximately 3:1 H2to CO. 

10 

4769. The method of claim 4764, wherein th£ selected ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 feto CO. 

4770. The method of claim 4764, further /comprising providing at least a portion of the 
15 produced synthesis gas to a condensable hydrocarbon synthesis process to produce 

condensable hydrocarbons. 

4771 . The method of claim 4770, whferein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropscly process. 

20 

4772. The method of claim 477 1 ,/further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4773. The method of claim 4764, further comprising providing at least a portion of the 
25 produced synthesis gas to a catalytic methanation process to produce methane. 

4774. The method of claim 4^64, further comprising providing at least a portion of the 
produced synthesis gas to a mjethanol-synthesis process to produce methanol. 



30 4775. The method of claim 4764, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 
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4776. The method of claim 4764, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. / 

5 / 

4777. The method of claim 4764, further comprising controllii/g heat transfer from the 
one or more heat sources to produce a permeability within the/selected section of greater 
than about 100 millidarcy. / 

10 4778. The method of claim 4764, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4779. The method of claim 4764. wherein the temperature sufficient to allow synthesis 
15 gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4780. The method of claim 4764, wherein heatir/g at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
20 disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; / 

introducing the oxidizing fluid to the feones substantially by diffusion; 
allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 
25 material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

478 1 . The method of claim 4764, whereih heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

30 introducing an oxidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
5 heat and raise the temperature of the portion. J 

I 

4782. The method of claim 4764, wherein the one or npre heat sources comprise one or 
more electrical heaters disposed in the formation. 

10 4783. The method of claim 4764, wherein the one </r more heat sources comprises one 
or more natural distributor combustors. 



15 



4784. The method of claim 4764, wherein the oi^e or more heat sources comprise one or 
more heater wells, wherein at least one heater we/1 comprises a conduit disposed within 
the formation, and further comprising heating th£ conduit by flowing a hot fluid through 
the conduit. 



20 



25 



30 



4785. The method of claim 4764, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the pprtion of the selected section comprises 
introducing steam into the portion. 

4786. The method of claim 4764, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 



temperature sufficient to generate synthesis 



gas. 



4787. The method of claim 4764, wherein [the synthesis gas generating fluid comprises 
liquid water. 
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4788. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
steam. 

A 

4789. The method of claim 4764, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

4790. The method of claim 4789, wherein a portioii of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4791 . The method of claim 4764, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



15 4792. The method of claim 4791, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises caribon dioxide removed from the formation. 



20 



25 



30 



4793. The method of claim 4764, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

4794. The method of claim 4764, when in the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjecte 1 to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 



4795. The method of claim 4764, 
water and hydrocarbons having carbon 
portion of the hydrocarbons react within 
increase an energy content of the 



wheijein the synthesis gas generating fluid comprises 
ifumbers greater than 4, and wherein at least a 
at least the portion of the selected section to 
produded synthesis gas. 
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4796. The method of claim 4764, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. 

5 4797. The method of claim 4764, further comprising generating electricity from the 
synthesis gas using a fuel cell. 



10 



4798. The method of claim 4764, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 



15 



20 



25 



4799. The method of claim 4764, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heit sources. 

4800. A method of treating a coal formation in situ, comprising: 
providing heat from one or more peat sources to at least a portion of the 

formation; 

allowing the heat to transfer froAi the one or more heat sources to a selected 



section of the formation such that the 
least some hydrocarbons within the sc 



sat from the one or more heat sources pyrolyzes at 
ected section of the formation; 
producing pyrolysis products from the formation; 

heating at least a portion of thf selected section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature in o| proximate to a synthesis gas production well to 
generate synthesis gas having a selected H2 to CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 



section to generate synthesis gas; and 
producing synthesis gas from 



he formation. 



30 
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4801 . The method of claim 4800, wherein the one or more heat sources comprise at 

■I 

least two heat sources, and wherein superposition of heat from at least the two heat 

/.' 

sources pyrolyzes at least some hydrocarbons within the/selected section of the 
formation. 

5 

4802. The method of claim 4800, wherein the selec/ed ratio is controlled to be 
approximately 2:1 H2to CO. 

4803. The method of claim 4800, wherein the se/ected ratio is controlled to range from 
10 approximately 1 .8: 1 to approximately 2.2: 1 H2 to CO. 

4804. The method of claim 4800, wherein Xhq selected ratio is controlled to be 
approximately 3:1 H2 to CO. 

15 4805. The method of claim 4800, wherein tiie selected ratio is controlled to range from 
approximately 2.8: 1 to approximately 3.2: 1 /H 2 to CO. 

4806. The method of claim 4800, further /comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 
20 condensable hydrocarbons. 



30 



4807. The method of claim 4806, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 



25 4808. The method of claim 4807, 
condensable hydrocarbons to form mi 



further comprising cracking at least a portion of the 
middle distillates. 



4809. The method of claim 4800, further comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 
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4810. The method of claim 4800 5 further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

4811. The method of claim 4800 5 further comprising'providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

48 1 2. The method of claim 4800, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected secpon to substantially uniformly increase a 
permeability of the selected section. 



4813. The method of claim 4800, further comprising controlling heat transfer from the 
one or more heat sources to produce a penpeability within the selected section of greater 
than about 1 00 millidarcy. 



15 4814. The method of claim 4800, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section dAring synthesis gas generation. 

4815. The method of claim 4800, wherein the temperature sufficient to allow synthesis 
20 gas generation is within a range frofn approximately 400 °C to approximately 1200 °C. 



25 



30 



48 1 6. The method of claim 4800i wherein heating at least the portion of the selected 
section to a temperature sufficient/ to allow synthesis gas generation comprises: 

heating zones adjacent to Ivellbores of one or more heat sources with heaters 
disposed in the wellbores, whereip the heaters are configured to raise temperatures of the 
zones to temperatures sufficient ^o support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing 



material within the zones to prod 
transferring heat from the zones 



fluid to the zones substantially by diffusion; 



allowing the oxidizing fluid to react with at least a portion of the hydrocarbon 



uce heat in the zones; and 
the selected section. 
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481 7. The method of claim 4800, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantiality convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. 

481 8. The method of claim 4800, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the foimation. 



4819. The method of claim 4800, whefein the one or more heat sources comprises one 
1 5 or more natural distributor combustors J 



20 



25 



30 



4820. The method of claim 4800, wtterein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



482 1 . The method of claim 4800, 
section to a temperature sufficient tc 
synthesis gas generating fluid to at 
introducing steam into the portion. 



wherein heating at least the portion of the selected 
allow synthesis gas generation and providing a 
the portion of the selected section comprises 



least 1 



4822. The method of claim 4800 : 
the portion of selected section and 
maintain a temperature within at 
temperature sufficient to generate 



fiirther comprising controlling the heating of at least 
provision of the synthesis gas generating fluid to 
least the portion of the selected section above the 
syhthesis gas. 
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4823. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
liquid water. 

4824. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
5 steam. 

\ 

4825. The method of claim 4800, wherein the synthesis gas^enerating fluid comprises 
water and carbon dioxide. 

10 4826. The method of claim 4825, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4827. The method of claim 4800, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbop dioxide reacts with carbon in the 

1 5 formation to generate carbon monoxide. 

4828. The method of claim 4827, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

20 4829. The method of claim 4800, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the A least the portion of the selected section. 

4830. The method of claim 4800, wherefin the synthesis gas generating fluid comprises 
25 water and hydrocarbons having carbon nfumbers less than 5, and wherein at least a 

portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H 2 concentration within the produced synthesis gas. 

483 1 . The method of claim 4800, whelein the synthesis gas generating fluid comprises 



30 water and hydrocarbons having carbon 



umbers greater than 4, and wherein at least a 
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15 



portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4832. The method of claim 4800, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing prodded synthesis gas through a 
turbine to generate electricity. 

4833. The method of claim 4800, further comprising/generating electricity from the 
synthesis gas using a fuel cell. 

4834. The method of claim 4800, further composing generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon jdioxide within a spent section of the 
formation. 

4835. The method of claim 4800, furthe/ comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



4836. A method of treating a coal formation in situ, comprising: 
20 providing heat from one or n/ore heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that/the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 
25 producing pyrolysis products from the formation; 

heating at least a portion of the selected section to a temperature sufficient to 
generate synthesis gas: 

controlling a temperature of at least a portion of the selected section to generate 
synthesis gas having a H 2 to CO ratio different than a selected H 2 to CO ratio; 
30 providing a synthesis gits generating fluid to at least the portion of the selected 

section to generate synthesis gss; and 
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producing synthesis gas from the formation; 

providing at least a portion of the produced synthesis gas to a shift process 
wherein an amount of carbon monoxide is converted to carbon dioxide; 

separating at least a portion of the carbon dioxide to obtajn a gas having a selected 
5 H 2 to CO ratio. / 

4837. The method of claim 4836, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons withiii the selected section of the 
10 formation. / 



4838. The method of claim 4836, wherein Xhfi selected ratio is controlled to be 
approximately 2:1 H 2 to CO. 

1 5 4839. The method of claim 4836, wher/in the selected ratio is controlled to range from 
approximately 1.8:1 to 2.2:1 H 2 to CO.y 

4840. The method of claim 4836, ^/herein the selected ratio is controlled to be 
approximately 3:1 H 2 to CO. 



20 



4841 . The method of claim 483/6, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to 3.2:1 Hito CO. 



4842. The method of claim 4836, further comprising providing at least a portion of the 
25 produced synthesis gas to a condensable hydrocarbon synthesis process to produce 
condensable hydrocarbons. 



30 



4843. The method of claim 
process comprises a Fischer 



4842, wherein the condensable hydrocarbon synthesis 
Tropsch process. 
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4844. The method of claim 4843, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4 

4845. The method of claim 4836, further comprising^roi^iding at least a portion of the 
5 produced synthesis gas to a catalytic methanation pracess to produce methane. 

4846. The method of claim 4836, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesisr process to produce methanol. 

10 4847. The method of claim 4836, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthtesis process to produce gasoline. 



15 



4848. The method of claim 4836, further 
the one or more heat sources to the selected 
permeability of the selected section. 



comprising allowing the heat to transfer from 
section to substantially uniformly increase a 



20 



4849. The method of claim 4836,/further comprising controlling heat transfer from the 
one or more heat sources to prodi/ce a permeability within the selected section of greater 
than about 100 millidarcy. 

4850. The method of claim 4836, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 



25 485 1 . The method of claim/4836, wherein the temperature sufficient to allow synthesis 
gas generation is within a raige from approximately 400 °C to approximately 1200 °C. 



30 



4852. The method of claim 



heating zones adjace: 



4836, wherein heating at least the portion of the selected 



section to a temperature sufficient to allow synthesis gas generation comprises: 



it to wellbores of one or more heat sources with heaters 



disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
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zones to temperatures sufficient to support reaction of hydrocarbon material within the 
zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least abortion of the hydrocarbon 
5 material within the zones to produce heat in the zones; p\d 
transferring heat from the zones to the selected sectic 

4853. The method of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow syrrthesis gas generation comprises: 

10 introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of tMe selected section is at a temperature sufficient 
to support an oxidization reaction with me oxidizing fluid; and 

reacting the oxidizing fluid wimin the portion of the selected section to generate 
1 5 heat and raise the temperature of theyportion. 

4854. The method of claim 4836/ wherein the one or more heat sources comprise one or 
more electrical heaters disposed m the formation. 

20 4855. The method of claim 4^36, wherein the one or more heat sources comprises one 
or more natural distributor cornbustors. 

4856. The method of claim/4836, wherein the one or more heat sources comprise one or 



more heater wells, wherein pt least one heater well comprises a conduit disposed within 
the formatic 
the conduit. 



25 the formation, and further qlmprising heating the conduit by flowing a hot fluid through 



4857. The method of claim 4836, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
30 synthesis gas generating fl lid to at least the portion of the selected section comprises 
introducing steam into the portion. 

905 Conley. Rose & Tayon. P C 



4858. The method of claim 4836, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 



4859. The method of claim 4836, wherein the/synthesis gas generating fluid comprises 
liquid water. 

10 4860. The method of claim 4836, whereij^ the synthesis gas generating fluid comprises 
steam. 



15 



4861 . The method of claim 4836, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein thp carbon dioxide inhibits production of carbon 
dioxide from the selected section. 



4862. The method of claim 486 V, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

20 4863. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4864. The method of claim 4863, wherein a portion of the carbon dioxide within the 
25 synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



30 



4865. The method of claim 4836, wherein providing the synthesis gas generating fluid 



to at least the portion of 
formation to allow watei 



he selected section comprises raising a water table of the 
to flow into the at least the portion of the selected section. 
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4866. The method of claim 4836, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 

4867. The method of claim 4836, wherein the synthesis g^s generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least me portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4868. The method of claim 4836, further comprising maintaining a pressure within the 
formation during synthesis gas generatiory and passing produced synthesis gas through a 
turbine to generate electricity. 



1 5 4869. The method of claim 4836, fifther comprising generating electricity from the 
synthesis gas using a fuel cell. 



20 



4870. The method of claim 4836, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 



25 



30 



4871 . The method of claim 4836, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4872. A method of forrr/ing a spent portion of formation within a coal formation, 
comprising: 

heating a first pqfrtion of the formation to pyrolyze hydrocarbons within the first 
portion and to establish a substantially uniform permeability within the first portion; and 
cooling the first portion. 
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4873. The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion from one or more electrical heaters. 



/ 

)rtion 



/; 



4874, The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion from one or more natural .distributor combustors. 



4875. The method of claim 4872, wherein heating the first portion comprises 
transferring heat to the first portion from one or more flameless distributor combustors. 

10 4876. The method of claim 4872, wherein heatin#the first portion comprises 

transferring heat to the first portion from heat transfer fluid flowing within one or more 
wellbores within the formation. 



4877. The method of claim 4876, wherein /he heat transfer fluid comprises steam. 

15 

4878. The method of claim 4876, wher^n the heat transfer fluid comprises combustion 
products from a burner. 



4879. The method of claim 4872, wherein heating the first portion comprises 
20 transferring heat to the first portion from at least two heater wells positioned within the 
formation, wherein the at least twb heater wells are placed in a substantially regular 
pattern, wherein the substantially regular pattern comprises repetition of a base heater 
unit, and wherein the base heater unit is formed of a number of heater wells. 

25 4880. The method of claim/4879, wherein a spacing between a pair of adjacent heater 
wells is within a range fron/ about 6 m to about 1 5 m. 



30 



488 1 . The method of claim 4879, further comprising removing fluid from the formation 
through one or more production wells. 
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4882. The method of claim 488 1 , wherein the one or more production wells are located 
in a pattern, and wherein the one or more production wells are positioned substantially at 
centers of base heater units. 



5 4883. The method of claim 4879, wherein the heater unit comprises three heater wells 
positioned substantially at apexes of an equilateral triangle. 

4884. The method of claim 4879, wherein the heater uiyt comprises four heater wells 
positioned substantially at apexes of a rectangle. 

10 

4885. The method of claim 4879, wherein the heater unit comprises five heater wells 
positioned substantially at apexes of a regular pentagon. 

4886. The method of claim 4879, wherein the/heater unit comprises six heater wells 
15 positioned substantially at apexes of a regular /hexagon. 

4887. The method of claim 4872, further /omprising introducing water to the first 
portion to cool the formation. 

20 4888. The method of claim 4872, further comprising removing steam from the 
formation. 

4889. The method of claim 4888, fdrther comprising using a portion of the removed 
steam to heat a second portion of the formation. 



25 



4890. The method of claim 487£, further comprising removing pyrolyzation products 
from the formation. 



4891 . The method of claim 4872, further comprising generating synthesis gas within the 
30 portion by introducing a synthesis gas generating fluid into the portion, and removing 
synthesis gas from the formation. 
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4892. The method of claim 4872, further comprising heating a second section of the 
formation to pyrolyze hydrocarbons within the second portion^ removing pyrolyzation 
fluid from the second portion, and storing a portion of the r^ioved pyrolyzation fluid 
within the first portion. / 

4893. The method of claim 4892, wherein the portion of the removed pyrolyzation fluid 
is stored within the first portion when surface facilities that process the removed 
pyrolyzation fluid are not able to process the portion of the removed pyrolyzation fluid. 

4894. The method of claim 4892, further comprising heating the first portion to 
facilitate removal of the stored pyrolyzation/fluid from the first portion. 



4895. The method of claim 4872, further comprising generating synthesis gas within a 
15 second portion of the formation, removing synthesis gas from the second portion, and 
storing a portion of the removed synthesis gas within the first portion. 



20 



4896. The method of claim 4895, wherein the portion of the removed synthesis gas from 
the second portion are stored within the first portion when surface facilities that process 
the removed synthesis gas are not £ble to process the portion of the removed synthesis 
gas. 



25 



4897. The method of claim 4895, further comprising heating the first portion to 
facilitate removal of the stored/synthesis gas from the first portion. 

4898. The method of claim 4872, further comprising removing at least a portion of 
carbon containing material in the first portion. 



4899. The method of claim 4898, further comprising using at least a portion of the 
30 carbon containing material removed from the formation in a metallurgical application. 
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4900. The method of claim 4899, wherein the metallurgical application comprises steel 
manufacturing. 

4901 . A method of sequestering carbon dioxide within a conformation, comprising: 
5 heating a portion of the formation to increase permeability and form a 

substantially uniform permeability within the portion: 
allowing the portion to cool; and 
storing carbon dioxide within the portion. 

10 4902. The method of claim 4901 , wherein the permeability of the portion is increased to 
over 100 millidarcy. 

4903. The method of claim 4901, further comprising raising a water level within the 
portion to inhibit migration of the carbon dioxide from the portion. 

15 

4904. The method of claim 4901 , further comprising heating the portion to release 
carbon dioxide, and removing carbon dpxide from the portion. 

4905. The method of claim 4901 , further comprising pyrolyzing hydrocarbons within 
20 the portion during heating of the portion, and removing pyrolyzation product from the 

formation. 

4906. The method of claim 4901 /further comprising producing synthesis gas from the 



25 



30 



portion during the heating of the 



4907. The method of claim 490 



portion, and removing synthesis gas from the formation. 



, wherein heating the portion comprises: 



sufficient to support oxidation of 
introducing the oxidizing 
more wellbores to oxidize hydro 



heating hydrocarbon material adjacent to one or more wellbores to a temperature 



the hydrocarbon material with an oxidizing fluid; 
fluid to hydrocarbon material adjacent to the one or 
arbons and produce heat; and 



conveying produced heat to the portion. 
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4908. The method of claim 4907, wherein heating hydrocarbon material adjacent to the 
one or more wells comprises electrically heating the hydrocarbon material. 

5 4909. The method of claim 4907, wherein the temperature, sufficient to support 

/ 

oxidation is in a range between approximately 200°C to^proximately 1200 °C. 

49 1 0. The method of claim 490 1 , wherein heating the portion comprises circulating heat 
transfer fluid through one or more heating wells witmn the formation. 



10 



15 



491 1. The method of claim 4910, wherein the h/at transfer fluid comprises combustion 
products from a burner. 

4912. The method of claim 4910, wherein tl/e heat transfer fluid comprises steam. 

4913. The method of claim 490 1 , further Comprising removing fluid from the formation 
during heating of the formation, and combusting a portion of the removed fluid to 
generate heat to heat the formation. 



20 4914. The method of claim 490 1 , further comprising using at least a portion of the 
carbon dioxide for hydrocarbon bed d^methanation prior to storing the carbon dioxide 
within the portion. 



4915. The method of claim 490 1 , further comprising using a portion of the carbon 
25 dioxide for enhanced oil recovery pr or to storing the carbon dioxide within the portion. 



49 1 6. The method of claim 490 1 , 
comprises carbon dioxide generated 



^herein at least a portion of the carbon dioxide 
in a fuel cell. 



30 491 7. The method of claim 490 1 , wherein at least a portion of the carbon dioxide 
comprises carbon dioxide formed as a combustion product. 
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4918. The method of claim 4901, further comprising allowing the portion to cool by 
introducing water to the portion; and removing the water frpm the formation as steam. 



5 49 1 9. The method of claim 49 1 8, further comprising using the steam as a heat transfer 
fluid to heat a second portion of the formation. 

4920. The method of claim 4901 , wherein storing/carbon dioxide in the portion 
comprises adsorbing carbon dioxide to carbon containing material within the formation. 

10 

492 1 . The method of claim 490 1 , wherein sto/ing carbon dioxide comprises passing a 
first fluid stream comprising the carbon dioxide and other fluid through the portion; 
adsorbing carbon dioxide onto carbon containing material within the formation; and 
removing a second fluid stream from the formation, wherein a concentration of the other 

15 fluid in the second fluid stream is greater than concentration of other fluid in the first 
stream due to the absence of the adsorbed carbon dioxide in the second stream. 

4922. The method of claim 4901, wherein an amount of carbon dioxide stored within 
the portion is equal to or greater than an amount of carbon dioxide generated within the 

20 portion and removed from the format/on during heating of the portion. 

4923 . The method of claim 490 1 , further comprising providing heat from three or more 
heat sources to at least a portion of /the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 

25 sources comprises a triangular pattern. 

4924. The method of claim 490 L further comprising providing heat from three or more 
heat sources to at least a portion jbf the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 



30 sources comprises a triangular 
over an area of the formation to 



attern, and wherein a plurality of the units are repeated 
form a repetitive pattern of units. 
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4925. A method of in situ sequestration of carbon dioxide within a coal formation in 
situ, comprising: j / 

providing heat from one or more heat sources to at least a first portion of the 
formation; 

allowing the heat to transfer from one o( more sources to a selected section of the 
formation such that the heat from the one or iftore heat sources pyrolyzes at least some 
hydrocarbons within the selected section oivthe formation; 

producing pyrolyzation fluids, wherein the pyrolyzation fluids comprise carbon 
dioxide; and 

storing an amount of carbon dibkide in the formation, wherein the amount of 
stored carbon dioxide is equal to or gyeater than an amount of carbon dioxide within the 
pyrolyzation fluids. 



1 5 4926. The method of claim 4925/ wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some/hydrocarbons within the selected section of the 
formation. 

20 4927. The method of claim/4925, wherein the carbon dioxide is stored within a spent 
portion of the formation. 



25 



4928. The method of clafm 4925, wherein a portion of the carbon dioxide stored within 
the formation is carbon dioxide separated from the pyrolyzation fluids. 

4929. The method of cljkim 4925, further comprising separating a portion of carbon 

lation fluids, and using the carbon dioxide as a flooding agent in 



dioxide from the pyroly; 
enhanced oil recovery. 

30 4930. The method of c 
dioxide from the pyroly; 



aim 4925, further comprising separating a portion of carbon 
ation fluids, and using the carbon dioxide as a synthesis gas 
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generating fluid for the generation of synthesis gas from a section of the formation that is 
heated to a temperature sufficient to generate synthesis gas upon introduction of the 
synthesis gas generating fluid. / 




5 493 1 . The method of claim 492 5 , further comprising separating a portion of carbon 



dioxide from the pyrolyzation fluids, and using the carbon dioxide to displace 
hydrocarbon bed methane. / 

4932. The method of claim 493 1 , wherein tjfie hydrocarbon bed is a deep hydrocarbon 
10 bed located over 760 m below ground surface. 

4933. The method of claim 493 1 , further comprising adsorbing a portion of the carbon 
dioxide within the hydrocarbon bed. / 

1 5 4934. The method of claim 4925, further comprising using at least a portion of the 
pyrolyzation fluids as a feed stream for a fuel cell. 

4935. The method of claim 493 / 4, wherein the fuel cell generates carbon dioxide, and 
further comprising storing an aAiount of carbon dioxide equal to or greater than an 

20 amount of carbon dioxide generated by the fuel cell within the formation. 

4936. The method of claiirt 4925, wherein a spent portion of the formation comprises 
carbon containing materiaywithin a section of the formation that has been heated and 
from which hydrocarbons/have been produced, and wherein the spent portion of the 

25 formation is at a temperature at which carbon dioxide adsorbs onto the carbon containing 
material. / 



4937. The method of cjlaim 4925, further comprising raising a water level within the 
spent portion to inhibit migration of the carbon dioxide from the portion. 



30 
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4938. The method of claim 4925, wherein producing fluids from the formation 
comprises removing pyrolyzation products from the formation. 



4939. The method of claim 4925, wherein producing'Tluids from the formation 
comprises heating the selected section to a temperature sufficient to generate synthesis 
gas; introducing a synthesis gas generating fluid/into the selected section; and removing 
synthesis gas from the formation. / 

4940. The method of claim 4939, whereir/ the temperature sufficient to generate 
synthesis gas ranges from about 400 °C tp about 1200 °C. 

4941 . The method of claim 4939, wherein heating the selected section comprises 
introducing an oxidizing fluid into tMe selected section, reacting the oxidizing fluid within 
the selected section to heat the selected section. 

4942. The method of claim 4939, wherein heating the selected section comprises: 
heating hydrocarbon material adjacent to one or more wellbores to a temperature 

sufficient to support oxidatioti of the hydrocarbon material with an oxidant; 

introducing the oxidant to hydrocarbon material adjacent to the one or more 
wellbores to oxidize hydrocarbons and produce heat; and 

conveying produced heat to the portion. 

4943. The method of ciim 4925, wherein the spent portion of the formation comprises 
a substantially uniform permeability created by heating the spent formation and removing 
fluid during formation 6f the spent portion. 

4944. The method of claim 4925, wherein the one or more heat sources comprise 
electrical heaters. 

4945. The method of claim 4925, wherein the one or more heat sources comprise 
flameless distributor cqmbustors. 
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4946. The method of claim 4945, wherein a portion of fuel for the one or more 
flameless distributor combustors is obtained from the formation. 

5 4947. The method of claim 4925, wherein the one or/more heat sources comprise heater 
wells in the formation through which heat transfer fluid is circulated. 

4948. The method of claim 4947, wherein the tyeat transfer fluid comprises combustion 
products. 



10 



4949. The method of claim 4947, wherein the heat transfer fluid comprises steam. 



15 



4950. The method of claim 4925, where/n condensable hydrocarbons are produced 
under pressure, and further comprising generating electricity by passing a portion of the 
produced fluids through a turbine. 



20 



495 1 . The method of claim 4925, farther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 



4952. The method of claim 4925, further comprising providing heat from three or more 
heat sources to at least a portion jof the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4953. A method for in situ pro iuction of energy from a coal formation, comprising: 



30 



providing heat from one 
formation; 



or more heat sources to at least a portion of the 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least a portion of hydrocarbons within the selected section of the formation; 

producing pyrolysis products from the formation/ 

providing at least a portion of the pyrolysis products to a reformer to generate 
synthesis gas; 

producing the synthesis gas from the reforfner; 

providing at least a portion of the produc/ed synthesis gas to a fuel cell to produce 
electricity, wherein the fuel cell produces a caVbon dioxide containing exit stream; and 

storing at least a portion of the carbop dioxide in the carbon dioxide containing 
exit stream in a subsurface formation. 



4954. The method of claim 4953, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 

15 sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4955. The method of claim 4953, ^herein at least a portion of the pyrolysis products are 
used as fuel in the reformer. 



20 



4956. The method of claim 4953/ wherein the synthesis gas comprises carbon dioxide 
and H2. 



4957. The method of claim 495 wherein the subsurface formation is a spent portion of 
25 the formation. 

4958. The method of claim 4953, wherein the subsurface formation is an oil reservoir. 

4959. The method of claim 495 8, wherein at least a portion of the carbon dioxide is used 
30 as a drive fluid for enhanced oil recovery in the oil reservoir. 
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4960. The method of claim 4953, wherein the subsurface formation is a second coal 
formation. 

4961. The method of claim 4960, wherein the second/coal formation is located greater 
than about 760 m below ground surface. 



4962. The method of claim 4960, wherein at leastf a portion of the carbon dioxide is used 
to produce methane from the second coal formation. 

1 0 4963. The method of claim 4962, further comprising sequestering at least a portion of 
the carbon dioxide within the second coal formation. 

4964. The method of claim 4953, wherein/he reformer produces a reformer carbon 
dioxide containing exit stream. 

15 

4965. The method of claim 4963, further comprising storing at least a portion of the 
carbon dioxide in the reformer carbon d/oxide containing exit stream in the subsurface 
formation. 

20 4966. The method of claim 4965, wl/erein the subsurface formation is a spent portion of 
the formation. 

4967. The method of claim 4965, ^herein the subsurface formation is an oil reservoir. 



25 4968. The method of claim 4967, 
reformer carbon dioxide containing 
recovery in the oil reservoir. 

4969. The method of claim 4965, 
30 formation. 



/herein at least a portion of the carbon dioxide in the 
exit stream is used as a drive fluid for enhanced oil 



wherein the subsurface formation is a second coal 
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4970. The method of claim 4868, wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used to produce methane from the 
second coal formation. / 

5 4971 . The method of claim 4970, further comprising se/questering at least a portion of 
the carbon dioxide in the reformer carbon dioxide containing exit stream within the 
second coal formation. / 

4972. The method of claim 4969, wherein the second coal formation is located greater 
10 than about 760 m below ground surface. / 

4973. The method of claim 4953, wherein the fuel cell is a molten carbonate fuel cell. 

4974. The method of claim 4953, wherein the fuel cell is a solid oxide fuel cell. 
15 / 

4975. The method of claim 4953, further/comprising using a portion of the produced 
electricity to power electrical heaters witttin the formation. 

4976. The method of claim 4953, further comprising using a portion of the produced 
20 pyrolysis products as a feed stream for rhe fuel cell. 

4977. The method of claim 4953, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. 

25 4978. The method of claim 4953, wt erein the one or more heat sources comprise one or 
more flameless distributor combustors disposed in the formation. 

4979. The method of claim 4978, wherein a portion of fuel for the flameless distributor 
combustors is obtained from the formation. 



30 




920 



Conley, Rose & Tayon. P C. 



4980. The method of claim 4953. wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



498 1 . The method of claim 4953, further comprising usingy4 portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



4982. A method for producing ammonia using a coal formation, comprising: 
10 separating air to produce an O2 rich stream and/a N2 rich stream; 

heating a selected section of the formation to a temperature sufficient to support 
reaction of hydrocarbon material in the formation tcyform synthesis gas; 

providing synthesis gas generating fluid and at least a portion of the O2 rich 
stream to the selected section; 
15 allowing the synthesis gas generating fluiti and 0 2 in the 0 2 rich stream to react 

with at least a portion of the hydrocarbon material in the formation to generate synthesis 
gas; 

producing synthesis gas from the formation, wherein the synthesis gas comprises 
H 2 and CO; 

20 providing at least a portion of the H 2 jin the synthesis gas to an ammonia synthesis 

process; 

providing N 2 to the ammonia synthesis process; and 
using the ammonia synthesis process to generate ammonia. 



25 4983 . The method of claim 4982, whereir 
ammonia synthesis process is approximate 



the ratio of the H 2 to N 2 provided to the 
y 3:1. 



4984. The method of claim 4982, wherein 
ammonia synthesis process ranges from approximai 
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the ratio of the H 2 to N 2 provided to the 
itely 2.8:1 to approximately 3.2:1. 
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4985. The method of claim 4982, wherein the temperature sufficient to support reaction 
of hydrocarbon material in the formation to form syntheses gas ranges from 
approximately 400 °C to approximately 1200 °C. k 

5 4986. The method of claim 4982, further comprisii^ separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 



10 



4987. The method of claim 4986, wherein the c'arbon dioxide is separated from the 



synthesis gas by an amine separator. 



r 



i 



4988. The method of claim 4987, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process tp produce urea. 

4989. The method of claim 4982, wherein at least a portion of the N2 stream is used to 
15 condense hydrocarbons with 4 or more carbon atoms from a pyrolyzation fluid. 

4990. The method of claim 4982, wherein at least a portion of the N2 rich stream is 
provided to the ammonia synthesis process. 

20 4991 . The method of claim 4982, wherein the air is separated by cryogenic distillation. 



4992. The method of claim 4982, wherein the air is separated by membrane separation. 



4993. The method of claim 4982, 
25 formation comprise ammonia and, 
ammonia to the ammonia generatec 



therein fluids produced during pyrolysis of a coal 
urther comprising adding at least a portion of such 
from the ammonia synthesis process. 



4994. The method of claim 4982, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
30 and, further comprising adding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 
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4995. The method of claim 4982, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. / 



4996. The method of claim 4982, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

4997. The method of claim 4982, further comprising providing at least a portion of the 
10 ammonia to a urea synthesis process to prodtce urea and, further comprising shifting at 

least a portion of the carbon monoxide to carbon dioxide in a shift process, and further 
comprising providing at least a portion oythe carbon dioxide from the shift process to the 
urea synthesis process. 



15 



20 



25 



30 



4998. The method of claim 4982, wherein heating the selected section of the formation 
to a temperature to support reaction Of hydrocarbon material in the formation to form 
synthesis gas comprises: 

heating zones adjacent to \Wllbores of one or more heat sources with heaters 
disposed in the wellbores, wherein/the heaters are configured to raise temperatures of the 
zones to temperatures sufficient tq support reaction of hydrocarbon material within the 
zones with O2 in the O2 rich strea 

introducing the O2 to the feones substantially by diffusion; 

allowing O2 in the O2 rich stream to react with at least a portion of the 
hydrocarbon material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 



4999. The method of claim 
hydrocarbon within the zones 
1200 °C 



4998 



, wherein temperatures sufficient to support reaction of 
with O2 range from approximately 200 °C to approximately 
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5000. The method of claim 4998, wherein the one or more ^ieat sources comprises one 
or more electrical heaters disposed in the formation. 

5001 . The method of claim 4998, wherein the one or more heat sources comprises one 
5 or more natural distributor combustors. / 

5002. The method of claim 4998, wherein the one' or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the' conduit by flowing a hot fluid through 

10 the conduit. / 



5003. The method of claim 4998, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat/sources. 



1 5 5004. The method of claim 4982, wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
synthesis gas comprises: 

introducing the 0 2 "rich stream intd the formation through a wellbore; 
transporting O2 in the O2 rich stream substantially by convection into the portion 
20 of the selected section, wherein the portibn of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reacting the O2 within the portiqp of the selected section to generate heat and raise 
the temperature of the portion. 

25 5005. The method of claim 5005, wherein the temperature sufficient to support an 
oxidization reaction with O2 ranges from approximately 200 °C to approximately 1200 



5006. The method of claim 5005, wherein the one or more heat sources comprises one 



30 or more electrical heaters disposed in 



le formation. 
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5007. The method of claim 5005 5 wherein the one or more heat sources comprises one 
or more natural distributor combustors. 

5008. The method of claim 5005; wherein the one or/more heat sources comprise one or 
5 more heater wells, wherein at least one heater well comprises a conduit disposed within 

the formation, and further comprising heating the /onduit by flowing a hot fluid through 
the conduit. 

5009. The method of claim 5005, further comprising using a portion of the synthesis gas 
10 as a combustion fuel for the one or more heat sources. 



15 



5010. The method of claim 4982, further/comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 



501 1 . The method of claim 4982, v/herein the synthesis gas generating fluid comprises 
liquid water. 

20 5012. The method of claim 4982/ wherein the synthesis gas generating fluid comprises 
steam. 



25 



5013. The method of claim 4982, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected sectic n. 



5014. The method of claim 50 
synthesis gas generating fluid 



3, wherein a portion of the carbon dioxide within the 
comprises carbon dioxide removed from the formation. 



\ 
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5015. The method of claim 4982, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. / 

5 5016. The method of claim 5015, wherein a portioi/ of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



10 



5017. The method of claim 4982, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 



5018. A method for producing ammonia using a coal formation, comprising: 
generating a first ammonia feed stream from a first portion of the formation; 
generating a second ammonia feed stream from a second portion of the formation, 

15 wherein the second ammonia feed streai/i has a H 2 to N 2 ratio greater than a H 2 to N 2 ratio 
of the first ammonia feed stream; 

blending at least a portion of thfe first ammonia feed stream with at least a portion 
of the second ammonia feed stream tq produce a blended ammonia feed stream having a 
selected H2 to N 2 ratio; 

20 providing the blended ammoKia feed stream to an ammonia synthesis process; and 

using the ammonia synthesis process to generate ammonia. 

50 1 9. The method of claim 50 1 8 J wherein the selected ratio is approximately 3:1. 



25 5020. The method of claim 501 8/, wherein the selected ratio ranges from approximately 
2.8:1 to approximately 3.2:1. 



5021. The method of claim 50111 
carbon dioxide in the first ammoiua 
30 ammonia feed stream. 



, further comprising separating at least a portion of 
feed stream from at least a portion of the first 
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5022. The method of claim 502 1 , wherein the carbon dioxide is separated from the first 
ammonia feed stream by an amine separator. 

5023. The method of claim 5022, further comprising providing at least a portion of the 
5 carbon dioxide to a urea synthesis process. / 



5024. The method of claim 5018, further comprising separating at least a portion of 
carbon dioxide in the blended ammonia feed/stream from at least a portion of the blended 
ammonia feed stream. / 

10 / 

5025. The method of claim 5024, wherein the carbon dioxide is separated from the 
blended ammonia feed stream by an amine separator. 

5026. The method of claim 5025, further comprising providing at least a portion of the 
15 carbon dioxide to a urea synthesis process 

5027. The method of claim 501 8,/further comprising separating at least a portion of 
carbon dioxide in the second ammonia feed stream from at least a portion of the second 
ammonia feed stream. . / 

20 / 

5028. The method of claim 5027, wherein the carbon dioxide is separated from the 
second ammonia feed stream by an amine separator. 

5029. The method of claim 5028, further comprising providing at least a portion of the 
25 carbon dioxide to a urea synth'esis process. 

5030. The method of claim ^018, wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and, further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 




30 
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503 1 . The method of claim 5018, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating ; 
and further comprising adding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 



5032. The method of claim 501 8. further comprisingyproviding at least a portion of the 
ammonia to a urea synthesis process to produce ureaJ 

5033. The method of claim 5018, further compris/ng providing at least a portion of the 
10 ammonia to a urea synthesis process to produce urea and, further comprising providing 

carbon dioxide from the formation to the urea synthesis process. 

5034. The method of claim 5018, further comfprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 

1 5 least a portion of carbon monoxide in the blended ammonia feed stream to carbon dioxide 
in a shift process, and further comprising providing at least a portion of the carbon 
dioxide from the shift process to the urea synthesis process. 



20 



25 



30 



5035. A method for producing ammoniapsing a coal formation, comprising: 

heating a selected section of the formation to a temperature sufficient to support 
reaction of hydrocarbon material in the formation to form synthesis gas; 

providing a synthesis gas generating fluid and an O2 rich stream to the selected 
section, wherein the amount of N 2 in the O2 rich stream is sufficient to generate synthesis 
gas having a selected ratio of H2 to N2; 

allowing the synthesis gas generating fluid and 0 2 in the O2 rich stream to react 
with at least a portion of the hydrocarbon material in the formation to generate synthesis 
gas having a selected ratio of H2 to N2; 

producing the synthesis gas fron the formation; 

providing at least a portion of the H 2 and N 2 in the synthesis gas to an ammonia 



synthesis process; 

using the ammonia synthesis pr< 



cess to generate ammonia. 
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5036. The method of claim 5035, further comprising controlling a temperature of at 
least a portion of the selected section to generate synthesis / gas having the selected H 2 to 
N-> ratio. 



10 



5037. The method of claim 5035, wherein the selected ratio is approximately 3:1. 

5038. The method of claim 5035, wherein the sheeted ratio ranges from approximately 
2.8:1 to 3.2:1. 

5039. The method of claim 5035, wherein tWe temperature sufficient to support reaction 
of hydrocarbon material in the formation toyform synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 



1 5 5040. The method of claim 5035, wherpin the 0 2 stream and N 2 stream are obtained by 
cryogenic separation of air. 

5041 . The method of claim 5035, wherein the 0 2 stream and N 2 stream are obtained by 
membrane separation of air. 



20 



5042. The method of claim 5 03 5 /further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 



5043. The method of claim 5042, wherein the carbon dioxide is separated from the 
25 synthesis gas by an amine separator. 

5044, The method of claim 5043, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 
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5045. The method of claim 5035. wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and, further comprising adding at least a portion of such 
ammonia to the ammonia generated from the ammonia synthesis process. 



5046. The method of claim 5035, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating 
and further comprising adding at least a portion of such ammonia to the ammonia 
generated from the ammonia synthesis process. 



10 5047. The method of claim 5035, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 



15 



5048. The method of claim 5035, ftirthey comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to thp urea synthesis process. 



20 



5049. The method of claim 5035, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. 



5050. The method of claim 503 
a temperature to support reaction 

25 synthesis gas comprises: 

heating zones adjacent to 
disposed in the wellbores, whereiln 
zones to temperatures sufficient 
zones with O2 in the C>2,rich 

30 introducing the O2 to the 



t3 



stream 



, wherein heating a selected section of the formation to 
of hydrocarbon material in the formation to form 



wellbores of one or more heat sources with heaters 
the heaters are configured to raise temperatures of the 
support reaction of hydrocarbon material within the 



nes substantially by diffusion; 
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allowing O2 in the O2 rich stream to react with at least a portion of the 
hydrocarbon material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected^^ction. 

505 1 . The method of claim 5050, wherein temperatures sufficient to support reaction of 
hydrocarbon material within the zones with 0 2 rajige from approximately 200 °C to 
approximately 1200 °C. 



10 



5052. The method of claim 5050, wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 



5053. The method of claim 5050, wherein the one or more heat sources comprises one 
or more natural distributor combustorsy 

1 5 5054. The method of claim 5050, Wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 

20 5055. The method of claim 5050, further comprising using a portion of the synthesis gas 
as a combustion fuel for the oAe or more heat sources. 



5056. The method of clairry5035, wherein heating the selected section of the formation 
to a temperature to support reaction of hydrocarbon material in the formation to form 
25 synthesis gas comprises: 

introducing the 0 2 tich stream into the formation through a wellbore; 
transporting 0 2 in the O2 rich stream substantially by convection into the portion 
of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the 0 2 rich stream; and 
30 reacting the O2 wi :hin the portion of the selected section to generate heat and raise 

the temperature of the portion. 
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5057. The method of claim 5056, wherein the temperature sufficient to support an 
oxidization reaction with O2 ranges from approximately 200 °C to approximately 1200 
°C. 

5 

5058. The method of claim 5056, whereinAhe one or more heat sources comprises one 
or more electrical heaters disposed in the formation. N 

5059. The method of claim 5056, wherein the one or more heat sources comprises one 
1 0 or more natural distributor combustors./ 

5060. The method of claim 5056, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 

15 the conduit. 

5061 . The method of claim 505^, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



20 5062. The method of claim 5035, further comprising controlling the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

25 5063. The method of claim 5f)35, wherein the synthesis gas generating fluid comprises 
liquid water. 

5064. The method of claim 5035, wherein the synthesis gas generating fluid comprises 
steam. 

30 
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5065. The method of claim 5035, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 

dioxide from the selected section. / 

/ 

5 5066. The method of claim 5065, wherein a portion of the'carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



10 



5067. The method of claim 5035, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon pioxide reacts with carbon in the 
formation to generate carbon monoxide. 



5068. The method of claim 5067, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carboiydioxide removed from the formation. 

5069. The method of claim 5035, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at/least the portion of the selected section. 



20 



25 



30 



5070. A method for producing ammonia' using a coal formation, comprising: 

providing a first stream comprising N2 and carbon dioxide to the formation; 
allowing at least a portion of the/carbon dioxide in the first stream to adsorb in the 

formation; 

producing a second stream frorA the formation, wherein the second stream 
comprises a lower percentage of carbon dioxide than the first stream; 

providing at least a portion of jthe N 2 in the second stream to an ammonia 
synthesis process. 



5071 . The method of claim 5070, w 
formation. 



lerein the second stream comprises H2 from the 
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5072. The method of claim 5070, wherein the first stream is produced from the coal 
formation. '/ 



5073. The method of claim 5072 5 wherein the first stream is generated by reacting a 



5 oxidizing fluid with hydrocarbon material in the formation. 

5074. The method of claim 5070, wherein the sfecond stream comprises H 2 from the 
formation and, further comprising providing such t^to the ammonia synthesis process. 

10 5075. The method of claim 5070, further comprising using the ammonia synthesis 
process to generate ammonia. / 

5076. The method of claim 5075. wherein fluids produced during pyrolysis of a coal 
formation comprise ammonia and, further comprising adding at least a portion of such 

15 ammonia to the ammonia generated from the ammonia synthesis process. 

5077. The method of claim 5075, wherein fluids produced during pyrolysis of a coal 
formation are hydrotreated and at least some ammonia is produced during hydrotreating, 
and further comprising adding at least a portion of such ammonia to the ammonia 

20 generated from the ammonia synthesis process. 

5078. The method of claim 507/5, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

25 5079. The method of claim 5075, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the urea synthesis process. 

5080. The method of claim 5075, further comprising providing at least a portion of the 
30 ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carbon dioxide in a shift 
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process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. ^ , 

/ 

5081. A method for treating hydrocarbons in at least a portion of a coal formation, 

5 wherein the portion has an average permeability o^f less than about 1 0 millidarcy, 

/ 

compnsing: / 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from the .one or more heat sources to a selected 

section of the formation such that heat from/the heat sources pyrolyzes at least some 
10 hydrocarbons within the selected section, and wherein heat from the heat sources 

increases the permeability of at least a portion of the selected section; and 
producing a mixture comprising/hydrocarbons from the formation. 



5082. The method of claim 508 1 , wherein the one or more heat sources comprise at 
15 least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources increases 
the permeability of at least the portion of the selected section. 



20 



25 



5083. The method of claim 508 1, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation whepin the thermal fractures substantially increase the 
permeability of the selected section. 



5084. The method of claim 
temperature in the selected 
°C. 



$081, wherein the heat is provided such that an average 
section ranges from approximately about 270 °C to about 400 



5085 . The method of claim 
30 comprises an electrical heater 



508 



1 , wherein at least one of the one or more heat sources 
located in the formation. 
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5086. The method of claim 508 1 , wherein at least one of the one ; or more heat sources is 
located in a heater well, and wherein at least one of the heater wells comprises a conduit 
located in the formation, and further comprising heating the y conduit by flowing a hot 
fluid through the conduit. 

5 

5087. The method of claim 5081 , wherein at least sor^e of the heat sources are arranged 
in a triangular pattern. 

5088. The method of claim 508 1 , further comprising: 
1 o monitoring a composition of the produced /mixture; and 

controlling a pressure in at least a portioiyof the formation to control the 
composition of the produced mixture. 

5089. The method of claim 5088, wherein tk(e pressure is controlled by a valve 
1 5 proximate to a location where the mixture is produced. 



20 



25 



30 



5090. The method of claim 5088, wheretfi the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 

5091 . A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 1 0 millidarcy, 
comprising: 

providing heat from one or mfore heat sources to the formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that h<:at from the one or more heat sources pyrolyzes at 
least some hydrocarbons within the selected section, and wherein heat from the one or 
more heat sources vaporizes at leasl a portion of the hydrocarbons in the selected section; 
and 

producing a mixture comprising hydrocarbons from the formation. 



\ 
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5092. The method of claim 5091 , wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wherein superposition of heat from at least the two heat sources vaporizes 
5 at least the portion of the hydrocarbons in the selected iection. 



10 



5093. The method of claim 5091 5 further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected section to create thermal 
fractures in the formation, wherein the thermal fractures substantially increase the 
permeability of the selected section. 



15 



5094. The method of claim 5091, whereiri the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 
°C. 

5095. The method of claim 5091, wKerein at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 



5096. The method of claim 509 1/ wherein at least one of the one or more heat sources is 
20 located in a heater well, and whe/ein at least one of the heater wells comprises a conduit 
located in the formation, and Higher comprising heating the conduit by flowing a hot 
fluid through the conduit. 



5097. The method of claim g09 1 , wherein at least some of the heat sources are arranged 
25 in a triangular pattern. 



30 



5098. The method of claim 

monitoring a composition 
controlling a pressure in at 1 
the produced mixture. 



5091, further comprising: 

of the produced mixture; and 
east a portion of the formation to control the composition of 
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5099. The method of claim 5098, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 



5 1 00. The method of claim 5098, wherein the pressure is controlled such that pressure 
proximate to the one or more heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 



5101. A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy, 
10 comprising: 

providing heat from one orinore heat sources to the formation, wherein at least 
one of the one or more heat sources is located in a heater well; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
15 hydrocarbons within the selected section, and wherein heat from the heat sources 
pressurizes at least a portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation, wherein the 



mixture is produced from one or more of the heater sources. 



20 5 1 02. The method of claim 5101, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at leas] some hydrocarbons within the selected section of the 
formation. 

25 5103. The method of claim 5101, further comprising producing fluid from at least one 
of the one or more heat sources. 



5 1 04. The method of c 



30 fractures in the formatio: 



aim 5101, further comprising allowing heat to transfer from at 



least one of the one or m ore heat sources to the selected section to create thermal 



l, wherein the thermal fractures substantially increase the 



permeability of the selected section. 
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5105. The method of claim 5101, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 400 

°C. / 

5 

5106. The method of claim 5101, whereiA at least one of the one or more heat sources 
comprises an electrical heater located in ihe formation. 

5107. The method of claim 5 1 0 1 s whferein at least one of the one or more heat sources is 
10 located in a heater well, and wherein/at least one of the heater wells comprises a conduit 

located in the formation, and furthe/ comprising heating the conduit by flowing a hot 
fluid through the conduit. 



15 



5108. The method of claim 510/1, wherein at least some of the heat sources are arranged 
in a triangular pattern. 



20 



5 1 09. The method of claim 5ii 0 1 , further comprising: 

monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixture. 



5110. The method of claim 5109, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 



25 5111. The method 

proximate to the one or 
location where the mixtute 



of clajim 5109, wherein the pressure is controlled such that pressure 
n[iore heat sources is greater than a pressure proximate to a 
is produced. 
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Low Heat Zone and Pyrolysis Zone 

5112. A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an average permeability of less than about 10 millidarcy, 
comprising: 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from thp one or more heat sources to a selected first 
section of the formation such that heat from the heat sources creates a pyrolysis zone 
wherein at least some hydrocarbons are pyrolyzed within the first selected section, and 
allowing the heat to transfer from the one or more heat sources to a selected second 
section of the formation such that heat from the heat sources heats at least some 
hydrocarbons within the selected second section to a temperature less than the average 
temperature within the pyrolysis zone; and 

producing a mixture comprising hydrocarbons from the formation. 



15 5113. The method of claim 5112, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the at least two heat 
sources pyrolyzes at least some hydrocarbons within the selected first section of the 
formation, and wherein superposition of heat from the at least two heat sources heats at 
least some hydrocarbons within the selected second section to a temperature less than the 
20 average temperature withi^ the pyrolysis zone. 

5114. The method of clalim 5112, wherein at least some heated hydrocarbons within the 
selected second section flow into the pyrolysis zone. 



25 5115. The method of 



30 



some of the hydrocarbons in the selected second section. 



5116. The method of 
least one of the one or 
fractures in the 
permeability of the 



laim 5112, wherein the heat decreases the viscosity of at least 



laim 5112, further comprising allowing heat to transfer from at 
more heat sources to the selected first section to create thermal 
formatilon, wherein the thermal fractures substantially increase the 
selected first section. 
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5117. The method of claim 5112, further comprising allowing heat to transfer from at 
least one of the one or more heat sources to the selected second section to create thermal 
fractures in the formation, wherein the thermal/fractures substantially increase the 
permeability of the selected second section. 

5118. The method of claim 5112, whereiri the heat is provided such that an average 
temperature in the selected first section ranges from approximately about 270 °C to about 
400 °C. 

5119. The method of claim 5112, wherein the heat is provided such that an average 
temperature in the selected second section ranges from approximately about 1 80 °C to 
about 250 °C. 



15 5 1 20. The method of claim 5112./ wherein a viscosity of at least some of the 
hydrocarbons in the selected secohd section ranges from approximately about 20 
centipoise to about 1000 centipoise. 



20 



5121. The method of claim 51/12, wherein at least one of the one or more heat sources 
comprises an electrical heater located in the formation. 



25 



30 



5 1 22. The method of claim 5112, wherein at least one of the one or more heat sources is 



located in a heater well, and 
located in the formation, and 
fluid through the conduit 



5123. The method of claim 

monitoring a 

controlling a pressurfe 
composition of the producec 



vherein at least one of the heater wells comprises a conduit 
further comprising heating the conduit by flowing a hot 



5112, further comprising: 
composition of the produced mixture; and 

in at least a portion of the formation to control the 
mixture. 
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5124. The method of claim 5123, wherein the pressure is controlled by a valve 

proximate to a location where the mixture is produced. 

A i 

5 125. The method of claim 5 123, wherein the pressure is controlled such that pressure 
5 proximate to the one or more heat sources is greater than a pressure proximate to a 

location where the fluid is produced. 

5126. The method of claim 5 122, whereir^the pressure in the selected second section is 
substantially greater than the pressure in tjfte selected first section. 

10 

5 127. The method of claim 5112, whq£ein at least some of the heat sources are arranged 
in a triangular pattern. 

5 128. The method of claim 5112, ^herein an average distance between heat sources in 
15 the selected first section is less thap an average distance between heat sources in the 

selected second section. 

5 129. The method of claim 5 lA2, wherein the heat is provided to the selected first 
section before heat is providecy to the selected second section. 

20 

5130. The method of claim /5 1 12, wherein the selected first section comprises at least 
one production well. 

5131. The method of clai^ 5112, wherein the selected first section comprises a planar 
25 region. 



5132. The method of clajm 5112, wherein at least one row of the heat sources provides 
heat to the planar region. 



30 5133. The method 
provides heat to the 



of clajim 5112, wherein at least one ring comprising the heat sources 
selected first section. 
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5 1 34. The method of claim 5133, wherein at least one ring comprising the heat sources 
provides heat to the selected second section. 

5135. The method of claim 5133, wherein me ring comprises a polygon. 

5136. The method of claim 5133, wherein the ring comprises a regular polygon. 

5137. The method of claim 5133, wherein the ring comprises a hexagon. 

5138. The method of claim 5133, wnerein the ring comprises a triangle. 

5139. A method for treating hydrocarbons in at least a portion of a coal formation, 
wherein the portion has an averag^ permeability of less than about 10 millidarcy, 
comprising: 

providing heat from three? or more heat sources to the formation; 

allowing the heat to transfer from three or more of the heat sources to a selected 
section of the formation such tjliat heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and at least three of the heat sources are 
arranged in a substantially triangular pattern; and 

producing a mixture comprising hydrocarbons from the formation. 



5140. The method of claiiVi 5139, wherein superposition of heat from at least the three 
heat sources pyrolyzes at ldast some hydrocarbons within the selected section of the 



formation. 

5141. The method of claim 
well located in a triangula- 



5142. The method of clai m 
least one of the one or more 



5139, wherein the mixture is produced from a production 
region created by at least three heat sources. 



5139, further comprising allowing heat to transfer from at 
heat sources to the selected section to create thermal 
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. rr*t ■ . 



10 



15 



fractures in the jFbrmatibh,! wherein the theritial ; fractures : substantially; increase the 
penn^ilhy of the fleeted section. 



5143: 



The method :6f claim; 5139, wherein the heat is provided such; that 
temperature in 

G.0:;•.'.• : ;••■ >; 



5144; The method of claim 51 3 9, wherein at least one of the one or more; heat sources : ; 
comprises a electrical heater located in the formation.; ; ; 



anaverage 



G to about 400 



5145 . The method 

located ina heata well f ^ of the h^tex wells comprises a conduit 

located in i 

fluid through the conduit, : 



5146. The method of claim 5139, herein at least some of the heat soxarces are arranged 
in a triangular pattern. 



20 



25 



5147. The method of claim ;5139; ftu1her comprisingr^^^^; ; ; 
: monitoring a composition of the produced : mixture; arid 
: controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture . ; 



5148.; The method of claini 5 1 47^ wherein the pressure; is controlled by a valve ; 
proximate to a location where the ; mixture is produced. 



5149. The methodiofclato is controlled such that pressure 

proximate to the one or more heat sources: is greater than a pressure ; proximate to a 
location where the fluid is produced. 



30 :: 
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